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Gro.oaicaL Survey OFrrice, 


Montreal, May, 1870. 
Sr, 

I have the honor to transmit to you, by request of Sir William E. 
Lzan, F.R.S., late Director of the Geological Survey, the accompanying 
reports of geological explorations during the years 1866, 1867, 1868. 

The Reports of Mr. Edward Hartley, of Mr. H. G. Vennor and of Mr. 
Charles Robb, embody also some of the results of their investigations 
laring the season of 1869, as does likewise that of Dr. T. Sterry Hunt on 
va and iron ores. 

Ifurther have the honor to transmit to you a report by Mr. James 
Richardson of an exploration which he made last season on the north 
hore of the St. Lawrence between the River Saguenay and Seven 
lands Bay ; and also a report by Professor R. Bell of his observations 
n 1869 in the Thunder Bay and the Lake Nipigon regions. 


I have the honor to be, 
Sir, 
Your obedient servant, 
ALFRED R. C. SELWYN, 
Director Geological Survey. 


lo 
Tue Hon. JOSEPH HOWE, M.P. 
Secretary of State for the Provinces, Ottawa. 


on, 


GEOLOGICAL REPORT, 


For 1867-1868, 
ar 
SIR W. E. LOGAN, F.RS., F.G.S., 
LATE DIRECTOR OF THE GEOLOGICAL SURVEY, 
‘ADDRESCED 
TO THE HONOURABLE JOSEPH HOWE, MP. 


SECRETARY OF STATE FOR THE PROVINCES. 





MonTRgaL, 20th December, 1869. 
Sir, 


In May last I had the honour of presenting to the Government a Sommary Re 
Summary Report of the Progress made in the Geological Survey for the | 
years 1867-1868, stating that there had just before that time been 
received from my various assistants detailed reports of their work, which 
would be transmitted after due study had been devoted to them. 

Of these detailed Reports, I have now to transmit to you by the hands of Detaled Re- 
my successor, Mr. A. R. C. Selwyn, the Report of myself and Mr. E. . 
Hartley, on a portion of the coal field of Pictou, Nova Scotia; that of Mr. J. 
Richardson, on the Lower Silurian rocks occupying the south side of the 
St. Lawrence, between the Chaudière and the Rivière du Loup, in the 
Province of Quebec; that of Mr. H. G. Vennor, on the Laurentian rocks 
of the counties of Addington, Hastings and Peterboro, in Ontario ; that 
of Mr. C. Robb, on the deposits of a region comprising chiefly the 
counties of York, Carleton and Victoria, in New Brunswick; and the 
Report of Dr. T. Sterry Hunt, on various points of geological and chemical 

. economics. 

To these Reports are added one by Mr. R. Bell, on the rocks of those 
islands of the Manitoulin group which are situated to the west of the 
Grand Manitoulin. This Report embodies the results of an exploration 
made in 1866, the mention of which was accidentally omitted in the 


Summary Report. 


GEOLOGICAL SURVEY OF CANADA. 


REPORT 
4 PART OF THE PICTOU COAL FIELD, NOVA SCOTIA. 


ady been stated in the Summary Report of May last, that the 
1e Pictou coal field to which the time of Mr. Hartley and 
evoted in 1868, was that which lies southward of New Glas- 
tends several miles on each side of the East River; and that 
‘amination of the west side was wholly committed to Mr. 
ion the east side was undertaken by myself. During the season 
st passed however, Mr. Hartley has added many facts to those 
‘ollected by myself on this side, and these will now be 
th my own. 
re important collieries in active operation near New Glasgow, 
on the west side of the river; and it will be observed by Mr. 
sport that he has had to thank the managers of these collieries 
y assistance they universally afforded him in facilitating his 
inting out facts of interest, and supplying him with plans 
sr-ground excavations and topographical details on the surface. 
press my obligations also to many persons for information, 
d documentary, on the east as well as the west side of the 
mong them are Mr. J. B. Moore, Mr. J. P. Lawson, Mr. 
ourton, Mr. L. R. Kirby, Mr. Alex. McKay, Col. R. B. 
i Mr. J.R. Jackson. Mr. J. Rutherford, the Provincial 
Mines, amongst other important information, obliged us with 
‘iptions of the boundaries of the various coal areas which have 
by the Provincial Government ; Mr. W. A. Hendry, Deputy 
r of the Crown Land Department, was so kind as to present us 
cript map shewing the positions of these areas and their proxi- 
is to some of the topographical features of the country, and Mr. 
supplied us with chain measurements of some of the roads and 
are indebted to Mr. Jno. Weir and Mr. Alex. McBean, prac- 
for pointing out to us various local facts of an important 
ith which they had become acquainted in the course of their 
Mr. Thos. Lawther, by permission of Mr. Daniels of the 
‘ry, supplied us with information of the same kind, and all the 
inhabitants of the country were found to be most ready to 
ar as they could. 
ture of this part of the Pictou coal field is of a very compli- 
iter. While it is much covered with drift, itis disturbed by 
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undulations and broken by important faults, and to acquire even a proxi- 

mate knowledge of the arrangement of its strata it was found necessary 

to measure, by compass and pacing, almost all public and private roads, as 

well as footpaths and streams. In constructing a map of the district, 

these have been kept in place by their relations to such of the straight 

boundary lines of the areas as we have had an opportunity of following ; 

which lmes, as given by Mr. Rutherford, have been assumed to be cor- 

rect both in bearing and length. We have taken the coast and the navi- 

gable parts of rivers, as given on the Admiralty charts; and with a view 

of further binding our work together, Mr. W. B. Leather, C. E., was Megrarementa 

employed to measure, by theodolite and chain, a line from the East River Leather. CE. 

to Sutherland’s Riyer, the direction being from the New Glasgow bridge 

on the former, by the old Merigomish road over Fraser’s Mountain, to 

the lowest bridge on the latter. Mr. Leather has further assisted us by 

furnishing other lines, which he has had occasion to measure by theodolite, 

on both aides of the river. From these elements we have endeavored to 

construct a map on the scale of twenty chains to aninch. This may be 

presented at some future time; in the meanwhile its place is supplicd by 

à plan on the scale of an inch toa mile, for the purpose of explaining the 

structure. 

In the limited district in which we have worked there appear to be Series of Sorme- 

rock masses of four distinct horizons, more or less proximate. These are 

in ascending succession : 
1.—Conglomerates, quartzites and compact slates, ( Devonian.) 
2.—Greenish-gray and red sandstones, with 

conglomerates and impure limestones. 

3.—Red coarse conglomerates. 
4.—Productave coal measures. 


(Carboniferous.) 


L CONGLOMERATES, QUARTZITES AND COMPACT SLATES. 


On the east side of the East River, about four miles southward of New Pre-carbonifer- 
Glasgow, there rises a hill which rans eastward to Sutherland’s River, and ~ 
is transversely cut into two parts by the valley of McLellan’s Brook. Of 
these the western is called Weaver’s or McGregor's Mountain, while the acGregor’s 
other is termed McLellan’s Mountain. Rocks of the series about to be MeLaliay’ 
described probably compose both hills, but it is in the last named that “™ 
they have been observed by me. No exposure has been met with which 
gives all the members of the series in regular succession, nor is it certain 
which is the upper and which the lower part of what has been examined, 
the dip being always very obscure. On the north flank of McLellan’s Moun- 
tain there is met with, belonging to this series, a dark leck-green slate, in Green alates. 
some places compact, as on the south side of St. Mary’s road, about 750 


* 
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At the western end of McLellan’s Mountain, near the residence of Mr. 
Robert Campbell, much of the rock is a dark gray or blackish fine grained 
grit, with a rough exterior and trappoid aspect; while some of it is a fine 
grained pistachio-green altered sandstone, with a ragged earthy fracture 
and gritty surface. Associated with this is a mottled green and flesh-red Felsttes. 
felsite, holding epidote, and a granular feldspathic rock, opaque white and 
crumbling in weathered parts, while it is much veined with white quartz. 

Beyond this, southward, the rock becomes a coarse conglomerate of a Coarse red con- 

mottled red and green, in some parts reddish-black, and chocolate-red in . 
others. Some of the inclosed masses are six inches in diameter, composed 
of moderately coarse grains of a reddish and white feldspar and translucent 
quartz, with brilliant points, which seem to be micaceous specular iron ore. 
Some of the pebbles weather to a brick-red and orange-vermillion, very 
brilliant when wet. The whole rock is cracked in all directions, in fact 
brecciated. The sides of the cracks and the surfaces of some of the quartz 
pebbles are unctuous from a coating of specular iron ore. Some of the 
cracks shew slickensides, and some are filled with a brown manganesian 
powder. 

Not only was this conglomerate brecciated, but so was every mass of all Breociated 
the series wherever met with, and to such an extent that, after hundreds of 
attempts, not one specimen could be dressed into an oblong shape of four 
by six inches, some blow of the hammer always shivering it in unox- 
pected directions into irregular fragments, from concealed cracks. 

In the locality last named, the coarse brecciated conglomerate is followed Limestone. 

on the south side by a south-dipping band of limestone, which has been 
quarried for 120 paces on the strike, near the house of Mr. Alex. Fraser. 
The limestone exhibits fossils, one of them being Spirorbis carbonarius, 
and belongs to the succeeding series; and there may be some doubt 
whether the coarse conglomerate should not be classed with it. But includ- 
ing this conglomerate, the older rocks have here a breadth of 650 yards, 
and are limited on the north by the productive coal measures, dipping 
northward. 

No evidence was observed by me, on McLellan’s Mountain, to shew to 
what epoch these older rocks belong; but masses somewhat similar are 
noticed by Mr. Hartley on the west side of the East River, in a position 
where they have been mentioned in his Acadian Geology by Dr. J. W. 
Dawson, who considers them to be of Devonian age, and on his authority 
they will be so distinguished. 

2. GREENISH-GRAY AND RED SANDSTONES WITH CONGLOMERATES AND 
IMPURE LIMESTONES. 


This series of deposits appears to constitute. a part of those which 
in his classification of the section examined by me at the Joggins, on 


4 
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Farther up the brook, about thirty-three chains in a straight line, there Limestone Mo- 


occurs another calcareous band, which, with its associated strata, dips S. 
1° E. <44°-54°. A descending section at the spot is as follows: 


’s Brook. 


Ft. 
Red sandstone of free grit, interstratified with layers of red shale........... + 16 Red sandstone. 
Red sandstone of a free grit........... nn ccc accen scons Terr TT eT sus 15 
Red sandstone interstratified with thin bands of gray limestone, weathering to a 
StrAw-VRllOw....ccessne caccccccssenncccevesvvccscsessccceseseses 9 
Gray limestone with interstratified yellow-weathering calcareous lavers...... 4 
Gray compact limestone with a conchoidal fraeture...,..,.,.,,., so. 8 
Red sandstone and red shale...............ssossosssssoossose Ocececccces 45 
96 


Though no fossils were observed, it is not doubted that these strata are 
Millstone Grit; but it is not so certain with what series to class the 
rocks between this calcareous band and the one farther down the stream. 
Of these intermediate rocks there are three exposures, with intervals of 


concealment. They all consist, more or less, of a brecciated red and green Brecoiated red 


and green con- 


coarse conglomerate, similar to that north of the limestone near Mr. Alex. glomerates. 


Fraser’s. Some of the inclosed masses are a foot in diameter, and among 
the smaller masses was observed one consisting of reddish orthoclaso 
feldspar, with cleavable faces of an inch in diameter. Some parts of the 
exposures consist of red jaspery, fine-grained, argillaceous sandstone, harder 
than the usual strata of the Millstone Grit serics, and others appeared 
to be a jaspery slate. The brecciated character of all these exposures 
makes it extremely difficult to determine the dip; but that of a bed of 
slate within seven chains of the more northern band of limestone seemed 
to be N. 87° E. <87°. If the brecciated rocks between these lime- 
stones, and the brecciated conglomerate north of the limestone near Fraser’s 
both belong to the Devonian series, there would appear to be a dislo- 
cation running along the valley of McLellan’s Brook in this part, the con- 
glomerates of the brook being more to the south than those near Fraser’s. 

At a bndge about a quarter of a mile above the southern band of lime- 
stone, red sandstones of a free grit, computed to be about eighty fect 
thick, and belonging to the Millatone Grit dip N. 61° W. <209, and 
show the irregular arrangement of thie strata. 

In the already mentioned triangular area of this formation, which is 
overlooked by Fraser’s Mountain, the most continuously exposed mass of 


strata observed was in the channel of Pine-tree Brook, between the pro- Pine tree 


perty of Mr. James A. Fraser and Pine-tree Gut. The total thickness of 
this mass may be about 1,000 feet. The lower part appears to be a green- 
ish-gray sandstone of a grindstone grit, interstratified with several bands 
of nodular limestone, by the people of the country, from its impurity, called | 


bastard limestone, none of which appeared to be fit for burning. There stones. 


ure lime- 
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ed, in concealed intervals, some bands of red 
ions of these were observed. 
lower part, an exposure on Mr. Jas. A. Fraser’s 
, between two bands of impure nodular limestone, 
the lower about eighteen inches and the upper 
neluded 270 feet of greenish-gray freestone of an 
‘or building purposes. The rock appears to be 
f whitish quartz and whitish feldspar, with small 
a black colour, the composition of which is 
beds are marked by circular spots of different 
eter, which appear to be sections of sub-globular 
leal of calcareous matter. These are of a lighter 
ng stone, and though much harder, yield more 
wer of the weather, and therefore present slight 
rever several small spots are together, give a 
face. The proprietor calls them bulls’ eyes. In 
calcareous band a sink-hole was observed, the 
dry, appeared to be lower than the level of the 


down the brook there is another exposure about 
It consists of the same sort of greenish-gray 
kness of about 130 feet is surmounted by another 
limestone of eight inches, supported by a couple 
calcareous sandstone, similar in aspect to the 
28. Farther down the brook, and about 100 feet 
re is another mass of greenish-gray freestone of 
has been quarried, to a small extent, for building 
1ese beds, making about 600 feet, have in the 
alfa mile a pretty regular average dip of N. 2° 
breadth of about thirteen chains. _ 
3 brook with Pine-tree Gut, on the left side of the 
?ine-tree Bank, a wooded cliff of about fifty feet 
2 base about fifteen feet of gray freestone in mas- 
to five feet-thick. A quarry has been opened 
we the level of the water. The quarry stone has 
ere are eighteen inches in the middle which would 
ile the remainder would furnish building stones 
1 the cliff above this, thick bedded red sandstones 
id red shale or marl and red flaggy sandstones 
At the edge of the cliff, a few feet above this, 
© me by Mr. J. Weir a layer of about an inch 
osed might be a coal seam ; but observing it had 
idstone, without any indication of Stigmaria, a 
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close examination shewed that it was only a layer of drift plants, the bark Drift plants. 
of which had yielded the coal. A band of impure nodular limestone was 
obscurely seen above it. The dip is here N. 83° W. <14°. 
What is supposed to be a continuation of the gray freestone at the foot 
of the cliff, occurs about twenty-five chains to the eastward, on the 
telegraph road, at the bridge over the south branch of the brook, where 
a flagstone quarry, formerly worked, became covered up in the construc- 
tion of the road. A bed of impure nodular limestone underlics the rock 
a few feet, and it appears probable that the old quarry here may occupy 
the same horizon as that at the summit of the series of beds already des- 
cribed further up Pine-tree Brook. 
North of the old quarry, and eighty or a hundred feet above it, the interval Pine-tree 
being made up apparently of the red rocks of the upper part of Pine-tree 
Bank, and additional strata of the same character, another band of greenish- 
gray freestone, fit for building purposes, occurs on the land of Mr. J. Weir. 
It is probably between twenty and thirty feet thick, and is succeeded by red 
sandstones and shales, which occupy the channel of Pine-tree Brook up to 
the dam of Weir’s mills. These red strata, about 200 feet in thickness, Weir's mitts. 
are succeeded on the road, close by the mill-pond, by a few fect of green- 
ish-gray sandstone, with another band of impure nodular limestone. The 
whole series of strata thus described on the lower part of the brook, 
occupies a breadth of about twenty-eight chains, with an average dip of 
N. 239 W.<12°, giving a total thickness of about 400 feet. 
Proceeding westward, these upper strata gradually assume a dip east- 
ward ofnorth, and at the distance of about a mile in a straight line from 
Weir’s mills, some of the red sandstones are scen on the telegraph road, 
dipping N. 7° E. < 81°, conforming well with the lower mass of strata 
in the vicinity of Mr. J. A. Fraser’s, the breadth they occupy being some- 
what diminished from the increase of slope. Here the upper beds come 
close upon the flank of Fraser’s Mountain, composed of the conglomerates 
of the third séries, towards which they dip all the way to New Glasgow. 
On Mr. A. McGregor’s land, one of the bands of impure nodular lime- a. McGrogor’s 
stone is seen at the foot of the hill, about eightcen chains north-castward stones, 
of the telegraph road, and the conglomerates of the hill crop out only a 
short distance north of it. 
Farther westward, much drift covers the surface, but within a mile of 
New Glasgow the presence of red sandstone was ascertained by Mr. J. P. 
Lawson in a trial-pit sunk twenty-nine feet through red clay, about thirty pit on rea 
chains north-eastward of the old straight road running S. 63° E. from the "°° 
Scotch Church. About twelve chains on the same side of this road, 
but more than a quarter of a mile nearer the church, greenish-gray free- 
stone, in a shattered condition, occurs. It is overlaid by a band of impure 
nodular limestone, and at the junction there is a layer holding drift plants, 
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Yalamites cistii. But this exposure is on the south side of the : 
1g triangular area, which comes to a point where another shattered 
> of the same freestone was met with at the foot of the rising 
on which the house of Mr. J. Jack is situated. 
e south side of the triangle, upwards of a mile from the apex, still 
shattered exposure of the greenish-gray freestone occurs, where this . 
1e triangle crosses the telegraph road. After an interval of abouts 
: three-quarters, the next observed indication of the strata on this 
ear the house of Mr. Murdoch Ross, where red sandstones are ex- 
th an uncertain dip. Farther on, red arenaceous strata were met 
Mr. W. Love in sinking a well near his house. Red sandstones are 
an on what is called the Pent road to the Marsh, at the foot of the 
‘ending from the house of Mr. Alexr. Fraser; but here also the 
is obscure and the dip uncertain, and it is only on approaching 
nd’s River, near Ross's bridge, that the dip can be clearly made 
\ natural exposures, though the occurrence of red sandstones in 
known in various trial-pits sunk on the St. Lawrence area by Mr. 
on. . 
»ss’s bridge the following descending section occurs, the upper 
ig above the bridge and the lower exposed in a cliff immediately 
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andstone.... 0 


ires conceale 
nd brownish-drab sandstone. 
ish-red sandstone... 
nd greenish-yellow mottled sandston 
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strata, occupy a breadth of nearly a quarter ofa mile, with a dip 
yon an average, is S. 23° E. < 24°, and the samo attitude may 
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extend some distance farther down Sutherland’s River. The dip is the 
reverse of that at Weir’s mills, and between these places there must thus 
be at least one anticlinal form, and possibly more ; but whether any rocks 
lower than the Carboniferous are brought to the surface in the interval 
has yet to be ascertained. 


8. RED COARSE CONGLOMERATES. 


At the bridge of New Glasgow is exposed a series of conglomerates, 
which, in general colour, are between a brick-red and chocolate or Indian- 
red, and whose inclosed masses, varying from the smallest pebbles to 
boulders of two feet in diameter, are, for the most part, unmistakably 
derived from the red and greenish-gray sandstones, red shales and impure 
nodular limestones of the rock last described, some of them containing the 
same vegetable organic remains. With these pebbles and boulders are 
associated a few from the rocks still lower down. The whole are inclosed 
in a matrix of the same mineral character, constituting an argillo-arcna- 
ceous cement, which is also calcareous, and in the interstices of the 
boulders and pebbles is often observed a network of white calc-spar aiding 
to keep them together. There are interstratified in the rock, bands, from 
a few inches to several feet in thickness, of fine red sandstone and red 
shale, which serve to give assurance of the dip, and these occur at such 
distances apart as to render the conglomerate beds thick and massive, 
their transverse measure varying from ten to some times nearly 100 feet. 

To this rock Dr. Dawson has given the name of the New Glasgow con- 
glomerate. From a point a short distance above the bridge, to one much 
farther below, these conglomerates have a breadth of very nearly a mile, 
with a dip, which on the average is N. 3° —13° W., with a slope gradually 
diminishing from 50° in the lower to about 80° in the upper part, and 
giving a total thickness of about 1,600 feet. As already indicated, this 
great mass of conglomerate composes Fraser’s Mountain, towards the 
south flank of which, presenting the outcrop escarpment of the inferior 
part, the red and gray strata of the Millstone Grit dip in such a way 
as, without other evidence, to induce the supposition that the one series 
overlies the other conformably. But on the west side of the East River 
Mr. Hartley has evidence to show that there is a want of conformity, at 
least in some places. 

Three miles eastward of New Glasgow these conglomerates have a 
breadth, between their base, east of the house of Mr. A. McGregor, and 
their summit, on a property formerly belonging to Mr. William Fraser 
(Moose) of about fifty-four chains, and they are here immediately and 
conformably overlaid by the following ascending section: 


Antictinal, 


New Glasgow 
conglomerates. 


Thickness. 


Moose Fraser’s 
Concretionary 
limestone, 
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e which has been quarried for burning. 
vealed. 
ightly calcareous sandstone. 





coneretionary limestone, the surface of which presents con- 
botryoidel thinly laminated concretions, with grayish and 
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8 
ee 10 
imestone.. sees 10 
mottled clay, resembling fireclay. 14 
andstone............ 18 
CE CEE 6 
acgous limestone, holding abundance of Spirorbis arietina + 3 
spotted, slightly argillaceous sandstone. 0 
vealed, including several feet of underclay. 24 0 


sk carbonaceous shale, including about eighteen inches of 
| at the bottom, which used to be mined by Mr. W. Fraser, for 
188 of burning the limestone in the lower part of the section 4 5 


& 0 
these strata is N. 10° W. <47°, and very nearly on the 


d give, they are again met with on a brook on the property 
3mall, on the road to Little Harbour, Merigomish. The 
18 much as three miles from the other; but the botryoidal 
imestone layers in both are so peculiar and so strikingly like 
and in their relation to an overlying seam of coal, that no 
antertained of their equivalence. At Mr. Small’s the dip 





Ww species, obtained by Mr. Hartley, who, with Dr. Dawson and 
e locality in August, 1868, and the following is a description of it, 
‘Dr. Dawson. The figure is magnified thirteen diameters, the natural 
ata 7 





Spirorbis arictins. 


|; whorls four, the first three regularly spiral, and somewhat close, the 
gular; cross section circular; shell thin, with delicate tubular strac- 
han in S. carbonarius; surface uneven, with obscure wrinkles on the 
croscopie lines of growth on earlier whorls ; apex flattened for attach- 
tl only; length 1-10 to 1-8 inch (about 8 millimetres.) 
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of this limestone is about N. 28° W. <9°. The underlying conglomerate 
was not exposed; but there is no reagonable doubt of its occurrence 
beneath, and I have no evidence yet to shew that the mass is here of less 


_ volume than farther to the west. 


The calcareous band with which these concretionary limestones are 
associated was not observed above the conglomerates on the East River, 
but immediately north of the position where they terminate, on the east 
side of the stream, after a concealed interval of 200 paces, they are 
succeeded by whitish sandstones, dipping north at an angle of 16°, which, 
alittle way on, is reduced to 8°, and this low rate of inclination is main- 
tained by the measures for a considerable distance toward Pictou, with an 
occasional flat undulation, reversing the dip. The apparent place of the 
limestone would be in the concealed interval in question. 


4. PRODUCTIVE COAL MEASURES. 


In the district which has engaged my special attention, the thick 
covering of drift so extensively concealing the strata, the dislocations which 
are known to affect these in some places, and the facts which sugyest 
the probability of disturbances in others, while little has yet been revealed 
by crop workings, will make it difficult, for some time to come, to build up 
a column shewing a perfect series of the measures ; and what is now 
offered is to be considered as only a distant approximation to the truth, to 
be improved hereafter as occasion may serve, and farther developments 
may eceur. 

The most continuous exposure of the strata observed lies in the channel 
of MeLellan’s Brook, in which the rocks are bared, with short intervals 
of concealment, from nearly its mouth to the gap between McLellan's and 
McGregor’s Mountains, and much farther beyond. But this section does 
not reach the highest strata, and some of the measures are repeated by 
an undulation. A portion of the beds, however, is seen nowhere else. 

The highest coal seam with which I have been able to connctt the 
seciion, appears to me to be one of which the crop was ascertained by 
Messrs. McBean, on the dividing line between the firat and second square 
mile of their three-mile area, going south-eastward, and about 250 paces 
from the atake at the south-western end of the line. Here there are five 


RD mu fe eee HE eee 





The specimens described were found by Mr. E. Hartley, in limestone belonging tu the 
eval furmation, and immediatély overlying the New Glasgow conglomerate. The occur- 
tence of Spirorbis in this bed is mentioned in Acadian Geology, p. 326, but it is not dis- 
Coguished from the ordinary §. carbonarius, from which, however, Mr. Hartley's 
epecimens shew it to be very distinct, It is so regularly spiral that it might be mistaken 
for a gasteropod shell ; but ita apex, flattened for attachment, and its microscopic struc- 
ture, show it to he a worm shell. It was probably, like S. carbonarius, attached to sub” 
merged plants: but in the limestone above mentioned, it occurs loose in great numbers, 
baring probably been drifted from its attachment, J. W. D. 


Place of concre 
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measures. 


McLeallan’s 
Brook section. 





16 GEOLOGICAL SURVEY OF CANADA. 


small trial-pits and bore-holes in a distance of about eleven chains on the 
Bix-feeteoat Strike. In one of these, according to Mr. A. McBean, seven feet of coal 
“= were pierced under five feet of gravel, and in another five feet of coal 
under three feet of gravel, while the crop was touched in the others. 
The average strike of the crop is about N. 67° E., and the dip southward, 
but I am not able to state the rate of slope. 

A little to the west of north from this, at a distance of about twenty- 
two chains, reduced to a straight line, directly across the strata, Messrs. 
McBean sunk a trial-pit and bore-hole on the south side of St. Mary’s 
road, not far from the house of Mr. J. McDonald (turner), penetrating, 
at the depth of twenty-feet, through four and a-half feet of coal. This 
they consider to be the same seam as that to which they sunk a pit about 
eighteen chains to the eastward of north from it, where it was four feet four 
inches in thickness, and identical with the seam which they worked by a 
slope about sixteen chains farther on the crop to the north-westward. This 
seam was previously worked by a slope about thirty-five chains still farther 
to the north-westward, by Mr. George McKay, for which reason it goes 

George McKay by the name of the George McKay four-feet seam. To the deep of McKay’s 
- slope, the Pictou Mining Company have sunk a shaft to this seam, at 
the Marsh Colliery, completed in October, 1868, and we thus have a 
section of part of the ground between McBean’s six-feet and four-feet 

seams. 

The inclination of the strata at McKay’s slope is about 1 in 4, the dip 
at the mouth of the slope being N. 34° E., <16°; but the measures 
appear to spread considerably, going round by the crop to St. Mary’s road, 
and it is probable that the rate of dip there is not more than 1 in 44. This 
would give about 310 feet between McBean’s six-feet and four-feet seams, — 
and place the six-feet seam about ninety feet above the measures inter- 

Marsh pit,  Sected in the Marsh pit. Combining these with what can be gathered from 
the Marsh Brook and McLellan’s Brook, the following would be the series, 
as near as I can make it out from measurements by pacing, made by myself | 
in 1868, and remeasurements by chain by Mr. Hartley in 1869. 

For the convenience of comparison this whole series of deposits is divided | 

Rilo. into three parts or horizons—A, B, and C, and Sections under these are 
given in sequent numbers. 

Division A, including Section 1. 

Division B, including Sections 2, 4, 5, 6, 8. 

Division C, including Sections 3, 7, 9. 





REPORT OF SIR W. EB. LOGAN. 17 


SECTION 1. (DIVISION A.) 
MEASURES INTERSECTED IN THE MARSH OOLLIERY PIT. 


Ft. In. M. In. 
Dark gray argillaceous shale.......csecesescsscesececssccces 3 0 
Gray impure fireclay... 2... cececerccccrcscvscscecccenscers 49 0 


Cou, The Captain s€am..e.srocccrccescccccsccrcccasecs 
Gray fireclay........s..sscese nono svossssseneseosses =f 
Gray arenaceous shale........... cece nce acccesesvecsceces 3 
Gray solid sandstone.......cceccccsccccccaccccseccccscccese 4 
Gray argillaceous shale ......ceseccceccsccescsensstucseces 8 


Gray fireclay....... PRET TETE TT ELETE 4 0 
Gray arenaceous shale............ eo secesoseseseseuse 6 10 


Coal ........ ... 00000000. 
Gray fireclay........ PPETEEE 


se... 0000900098 0050600 0 3 


005200000000 086066040600 


3 
Gray arenaceous shale ....,.,.,.,....40....oosoossesscrossss 7 
Gray fireclay... ccccccccveccccccvccccccsscctssssescesecsere 8 
Gray strong solid sandstone .......ccescerscscccescccececess 24 

18 
8 


Gray SANdStONe,. 00. cececccrcnccrccncs 
Gray arenaceous shale......ccccsccnsesccceccsencs 


0605000802 5.5000e 


Coal.— The Millrace seam. 
Cannel coal... sccccccccnccscccccccccccceececsceuce 0 9 
Mineral charcoal mixed with coal...... cocccsccseceeree O 8 
Good coal... cccocccsccecccesesese cs 3 1 


Mill-race seam. 


6096000900 


> Gray soft fireclay, without divisions, holding occasional nodules 
of-clay ironstone ....ccccccoccccccccsecccscoscesesese 17 6 

Gray flaggy sandstone, with thin black partings arranged in wavy 
layers .........o.s...e co cercccvcccerscvecccsccscccen§ 8 9 
Gray hard sandstone in one bed....,......s.essseoe cosceceesss 6 0 

Gray shaly sandstone, with interstratified bands of gray bard 
sandstone of from one to four inches thick..,..,......,. 19 6 
Dark gray argillaceous shale, with a few nodules of clay ironstone 11 9 


Coal—The George McKay seam. 
Coarse shaly coal.......cccccccsceccsccces 
Good coal ..... eeosvseeotmecenueeceavoaneneseheeegene 


George McKay 
seam. 


SECTION 2. (DIVISION B.) 


MBRASURES 05 MARSH BROOK, FEOM THE GeoncE MCKAY POUR-PEBT SEAM TO McLELLaN’s Measures Mareh 
, BRoox. Brook. 


Ft. In. FL In, 
Gray fireclay, with great abundance of Sfigmaria.......,.,.... 3 0 


Measures not well ascertained, but supposed to consist chiefly of 
srenaceous shale and flaggy sandstone, with some black 
carbonaceous shale at the t0p.......sessosessssvsveoss 190 0 


ave 193 0 
B 


ee Cl 
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SECTION 3. (DIVISION C.) 


Meascvzes om MoLaLLaxs's Brook Prom THE MOUTH OF Mansx BROOK To 


BLACK'S MILL-SITE. 


Gray arenaceous shales and sandstones, some beds weathering 

purplish-brown or reddish..... © cecee DPPPEET ETES TTT TET 
Black carbonaceous bhale..............ssssssosssesossucesss 
Measures concealed .......... scout srocooccssooenesees 


Gray flaggy sandstone........ eos socsscnccncccscves 
Measures concealed.............., TYETEETESTTT ETTORE eee 
Very dark bluish-gray sandstone, extremely hard and fine grained 

and weathering brown............ cnrs crosse oe 
Measures concealed, but there appears to be sandstone in the bed 

of the stream ...,....... ss surnomme soon 
Black carbonaceous shale ...,...,... © eee cccctcccees uso 
Coal.—A seam of hard coal but of fair quality...... ss... 


Very light gray fireclay, full of carbonized Siigmaria........... 
Gray argillaceo-arenaceous shales and flaggy sandstones, passing 

into each other..... Coc c cee en annonce eeeceeosscere . 
Whitish-gray very compact heavy bedded freestone .......,,.. 
Light and dark gray argillaceous shales...,...,.,..ess.roo.e 
Black coaly carbonaceous sbale....... consesosssocnsvenseuse 


Coal—The Widow Chisholm seam,—of fair quality bat hard..... 
Yellowisb-drab argillo-arenaceous very fine grained underclay 
with Shigmaria....ccceccsorccccsacnctccccceseces secs 
Dark gray compact sandstone, weathering rust-browr, full of 
Stigmaria..,...,.,.... TEPULITITESISESETISE TELE TET 
Dark gray compact sandstone, weathering rust-brown, with 
oecasional clay ironstone balls...... ce.ccssescccccscocs 
Dark yellowish-drab and brownish-drab sandstone, weathering 
rust-brown, in rather coarse thick beds..... Ceccetccees 
Dark yellowish-drab and brownish-drab flaggy sandstones with 
very micacrous partings between some of the beds........ 
Measures concealed ....... TESTETEITTOTELT TELE LEST Tere eT ee 
Dark yellowish-drab and brownisb-drab flaggy sandstones shew- 
ing large casts of Calamites cistii, «some of them four inches 
in width......... cece me ccccsccseccesccee per cccccees 
Measures concealed ...... ccsccucccccccccsccccccccsseccsscce 
Dark yellowish-drab gandstones ........ceccccccenccsccessene 
Dark yellowish-drab sandstones only partially exposed ......... 
Dark yellowish-drab sandstones with false bedding and ripple- 
merk, and having black micaceous partings more con- 


spicuous towards the base. ...,...........: osseuses 
Black semi-carbonaceous shale, with occasional clay ironstone 
balls eeet®Peeageaenvnsenaeueensenas 006000060000 eee Ges 


Black highly carbonaceous shale, compact, with two sets of 
cleavage planes, dividing it into cuboidal blocks about one 
foot in diameter..ceccccccccccceccscncscececccsacacse 

Purplish-gray fine grained sandstone.......,.. sesccccesececes 

Measures concealed .....cccccccceccvccercesccnsesccscceces 

Black carbonaceons shale......ccccscscscccnuscevesccccesees 


Fr. In. 
25 
8 
35 
3 
79 
1 0 
32 0 
28 0 
2 6 
16 0 
8 4 
4 6 
2 0 
3 3 
2 0 
3 7 
5 
26 0 
14 6 
3 0 
2 3 
9 6 
49 0 
61 90 
20 0 
6 0 
6 6 
9 9 
8 9 


oma oo © 








Fi. 
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A. in. FR. In. 


roots were observed beneath, and the shale on which it is 

based passes just over the top of another upright Sigillari, 

a few feet removed on one side........ eo cccecees cu... 

Gray sandstone with three inches of shale on top......,....... 

Gray sandstone, weathering drab ; the lower and upper parts of 

the bed are somewhat shaly, with two inches of soft clay 

ON TOP . ce rcccecesscacencves © ev ercee secarcecsene ae 

Dark gray argillaceous shale, with nodules of clay ironstone. Io 

this bed, in the distance of twenty-five feet, there are the 

remains of three upright Sigillarie. The largest of them 

is about eighteen inches in diameter; a length of forty- 

| three inches of it remains. Towards the lower part it 
becomes constricted and then spreads out to a wider dia- 
| meter on the bed beneath. It is a sandstone cast of the 
plant. The remains of the other two occur at the top of the 
bed, in the form of sandstone cores, each of them about seven 
inches long, one of them being five inches and the other 
seven inches in diameter ; the former penetrates eleven inches 

into the layer of sandstone above, and the hollow semi- 
cylindrical mould of the other is visible in the upper bed 

for forty-five inches, from which the plant has been 
removed, while at the length of twenty-four inches in the 
sandstone the form is cut by two inches of soft shale. All the 

three plants probably had roots in the same bed of shale 
beneath, and these may have penetrated to a bed of sand- 

stone still lower, which is marked by the presence of Stig- 

maria, but no connection could be found between these 

roots and the upright plants ....-c.ccccsoscccescvesces 

Gray argillaceous shale............. osseuses PEETE TES 
Gray soft argillaceous shale or clay.........,, ,..,...e..0 
Gray flaggy sandstones in irregular layers, with remains of pros- 
trate plants..................... pees nono 

Gray sandstone in a single bed, marked by the presence of Stig- 
MOTE. nono ccencsccenccsscvencs ce ee cece eecene 

Gray flaggy sandstones, weathering ‘drab, with wavy surfaces, 

interstratified with argillaceous and arenaceous shales. . 

Gray arenaceous shale and thin sandstoces interstratified with 
beds of dark gray argillaceous shale...... vce ceee veces 

Gray arenaceous shale, with beds of sandstone weathering to 
a mottled red and Grab.....cssccccccc ces cccccccvsceess 
Measures concealed, probably flaggy sandstones...........,,.. 
Gray flaggy sandstone, weathering drab, with ripple-mark ..... ; 
Gray argillaceous shale, with layers of gray flaggy sandstone, 
which are wavy and weather to a mottled drab and red.. 

Gray flaggy sandstone interstratified with gray arenaceous sbale. 


bat 
eo 


a> 
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eo 


5 0 
7 0 


134 8 





924 4 


This section terminates near the old mill-site belonging to Messrs. S. Blacks mil. 
Wark and A. Walker, where the measures appear to be interrupted by a 


nt Evidences of a disturbance are plainly visible in the cliff over- 


looking the stream on the right bank; but I was unable to make out 
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clearly, from the cliff, which way the measures are thrown. In McLellan’s 
Brook, all the way up to the mouth of Marsh Brook, the strata of Division C 
dip to the south-eastward. On the main stream, above the junction of the 
tributary, the same dip is maintained in the prolongation of the Marsh 
Brook series (Division B) to within twenty-six chains of the Falling-mill 
bridge, the slope of the strata, all the way from Black’s mill-site, varying from 
8° to 20°. The measures are largely composed of sandstones, the strike of 
which is, of course, south-westward. From Black’s mill-site downwards 
to the junction of McLellan’s Brook with the East River, the measures are 
apparently all black shales, the chief part of them carbonaceous, giving 
great thickness, with no sandstones observed. The dip of these shales is 
more or less north-eastward, at angles ranging from 8° to 24°. Their strike 
would be south-eastward, and in the prolongation of the strata in this direc- 
tion, they would apparently come against the sandstones irregularly. The 
continuous contact of these two masses is concealed, but a line running 
about S.S.E. from Black’s mill-site, crossing the old mill road a little north 
of the house of Mr. J. W. Turnbull, and coming on McLellan’s Brook in 
the gap between McLellan’s and McGregor’s Mountains, would apparentl} 
have the sandstones on the east, while the black shales would be on the 
west, and it is probable that a dislocation, which may be called the Mill- 
road fault, more or less coincides with this line all the way. As no mass 
of arenaceous measures presenting the same characteristics as those of 
McLellan’s Brook, is known below the black shales, the sandstones are 
supposed to be the higher in the series, and the dislocation would thus 
seem to be a downthrow to the eastward; but what may be the extent of 
the break, the evidence is not at present sufficient to decide. 

As already stated, the south-eastward dip of the arenaceous measures 
on McLellan’s Brook is maintained to within twenty-six chains of the 
Fulling-mill bridge. At this point, a seam of oil shale, formerly worked 
by Mr. Patrick, comes upon the brook. It is supposed to be on the same 
horizon as the oil shale on Marsh Brook, and the strata associated with it 
being more exposed on the main stream than on the tributary, we obtain 
additional details. 

The measures here lie in the form of a synclinal, on the opposite sides 
of which, at the right margin of the stream, the two out-crops of the oil 
shale are about 200 paces apart. A fault runs in the brook in a bearing 
of N. 36° W. It appears to be a downthrow on the north-west side, 
producing on that side a greater separation of the out-crops. On the 
northern out-crop the evidences of the dislocation are in the middle of the 
stream, where black shales, on the south-east, come against sandstones on 
the north-west. Between the two there runs a thin vein of quartz, the 
underlie of which is N. 54° E. < 88°, and fragments of the quartz obtained 
from the vein, shewed well marked slickensides next the sandstone. 
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On the south out-crop, and on the north-west side of the fault, there are 
the remains of an old slope sunk by Mr. Patrick. The dip at the mouth Patricke slope 
of the slope is N. 22° E. < 29° ; and I was informed by Mr. A. McBean 
that in descending this slope the oil shale maintained a thickness of from 
two to six inches for about twenty feet; it then gradually thickened to [eristion of 
five feet in descending sixty feet farther, while the dip gradually became 
N. 67° E. < 52° ; descending eight feet more, the deposit diminished 
to nothing ; and in eight feet still further, the face of the fault presented 
itself, the strata becoming vertical. In the thickest part of the oil shale, 
à horizontal gallery was driven twenty yards to the left, and in this 
distance the seam thinned from five feet to fifteen inches, then again 


thickened and again thinned. 


on où shale. 


From the description of Mr. McBean, and from the specimens shown me, Felt-like struc- 
the best and most typical parts of the oil shale appear to have a curly or 
feltlike structure. It is this part which varies so much in thickness, and 
while the bottom of the deposit remains even, the thinning arises from 
depressions in the upper portion, which are filled up with even layers of 
the more ordinary carbonaceous shale. The out-crops approach one 
another to the north-west, and the turn on the axis of the synclinal occurs 4%" °f#7ncli2- 
about 300 yards from the margin of the brook. The measures associated 
with the oil shale on the opposite out-crops, as exposed on the brôok, are 
as follows, in descending order, both sections belonging, of course, to the 


Division B: 


SECTION 4. (DIVISION B.) 


MEASURES OX THE SOUTE OUT-CROP FROM THE HIGHEST BEDS SEEN ABOVE THE OIL SHALE UP Meas 


MoLELLaNn’s BROOK TO THE FULLING-MILL BRIDGE. 





Ft. In 
Brownish-gray fine grained sandstone, weathering brown....... 0 9 
Measures concealed.............oocseosonoosesensscscssouse 4 7 
Gray compact sandstone, with wavy micaceous partings........ 0 10 
Measures concealed .....ccccccccccccccses consonnes 2 0 
Dark gray faggy sandstone, weathering brownisb-gray......... 1 0 
Measures concealed... .ccccsccccvesccecccctosccecceccescecs 5 3 
Bluish-gray argillaceous shale.....0...ccsceccccsccesesccuces 2 3 
Measures concealed......cceeccovcecsccccees PELESE ETES EETEE 3 0 
Bluish-gray argillaceous shale............,,. ss... 1 6 
Black highly carbonaceous shale .......ccsscccccccccvceccess 13 6 
Measures concenled.............. soso 13 8 
Ou shale — A seam varying in thickness from one inch to eight feet 
Measures concealed....ccccccccccccccccsccscccceseccecvsecs 26 0 
Black argillaceous shale.........cccccccccrcsccerccesescvece 8 10 
Black carbonaceous shale ............sussooseoososoesoo cscs 3 5 
Measures concealed........ccccccscrccecsvcsecccecosecscens 164 0 





ures On 
south out-orop. 


. A. In. 
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Oil shale-—A seam of black highly carbonaceous shale, containing 
lenticular masses of a substance like oil shale, as proved 
in a pit sunk to by the Pictou Mining Company.......... 


Black carbonaceous Shale... ccecccccsrcccsccccccensacscence 
Light blaish-gray argillaceous shale.........ecerccerceccvece 
Black carbonaceous shale........ cence sees uses 
Measures concealed...........o.souesseosseseuoneueseossese 
Black carbonaceous shale..... nn cons non osseuses 
Measures concealed........... sos sons nono 
Black semi-carbonaceous shale......... course cee cee 
Black argillaceous shale........ APTE tousse ….... eee 

Black carbonaceous shale......... Occ rn cc cnes crceeescece ecee 
Black carbonaceous shale, very compact and tough. sus. so... 


Brownish-drab thick bedded sandstone, weathering rusty, with 
black micaceous partings.............. oo cece seve ceees 
Gray very fine grained sandstone, with clay ironstone balls..... 
Gray very fine grained sandstone, partially concealed......... 
Very light gray fine grained sandstone, weathering rusty in the 


partings.....,...... cnsnsisssosses snnsnsoosssen see 
Gray sandstone, with black partin GB-vvvccccreee cos vs. 
Brownish-drab flaggy sandstone, weathering brown.......... 
Blackish-gray argillo-arenaceous shale, interstratified with light. 

gray arenaceous shale, with black partings........ cs. 


Dark brownish-drab fine grained sandstone, weathering rusty... 
Dark bluish-gray arenaceous fireclay, weathering very soft in 
some DEAS. cc cccccceccccgcacccceaccccceeseccececseses 


Coal.—A seam supposed probable in this place. eT erererr rrr ry 


Dark bluish-gray arenaceous fireclay, partially concealed...... 
Measures concealed.......... nn nn nn nn nes 
Gray sandstone, with black wavy micaceous partings.......... 
Measures concealed.............,..... Sono TTT TT Tee 
Coal.—A seam supposed to be about this horizon..... eee scccces 
Measares concealed... ..csccccocecccesscccvcscvesssscceses 


Black carbonaceous shale.......ccccsecccccacccescvccececces 


a 
aAawomdeadccsdoc2e pnp Oo 


Qh» à 
® © © 
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1 6 
20 0 
24 10 

1 9 


198 2 
O 0 Sapnossd coal 
seam. 





60 0 
0 0 ge uppos x coal 
seam 
89 7 
400 10 


Both of these sections terminate at dislocations. That concluding at tlc 


Fullmg-mill bridge comes against a break of considerable importance ; its 
course appears to be N. 77° E., and it may be called the Fulling-mill Fulling-mill 
fault. 


The whole area of Productive coal measures belonging to that part of 


the Pictou field which has been under the examination of Mr. Hartley and « 
myself, is included between two great upthrow dislocations, which may be 

termed the North and South faults. The former crosses the East River a Great North 
litle above New Glasgow bridge, where it brings the productive measures ” 

abruptly against the New Glasgow conglomerates. It thence runs to 
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inches, and the dip at the mouth of the slope, which is about four feet above 
thestream,is S.16°E.<19; but at nine feet down the slope the roof suddenly 
assumed an inchnation of 70°. In another slope sunk at the level of the 
brook and a few paces to the north-east, the sudden increase of inclination 
occurred at a depth of about four feet ; and by this it would appear that a 


fault 5 here present ranning about east and west, which would account for MoGregorfiult. 


the imegularity of the strike at the mouths of the slopes. This seam is 
supposed to represent the George McKay four-feet seam. The disloca- 
tion may be called the McGregor fault. 


On the right bank of the same brook, about a quarter of a mile further Coal s seam sup- 
up, and a Httle within the south-western boundary of the McBean area, ent to the 


three small trial-pits have been sunk on a coal seam about four hundred 
paces from the south-west corner of the line between the first and 
second square miles. The thickness and character of the coal, I am 
not able to state with exactneas, but the former appears to be from 
three to four feet, and the coal is covered by at least eight feet of black 
shale. The dip at the crop is 8. 48° E. < 174°; but according to Mr. 
McBean the inclination, after descending a short distance, suddenly 
increases to a considerable angle, and a crack in the coal at the bend is 
filled with shale similar to that of the roof. If the dip of the measures to 
the north-west be the same as that at the crop, this seam would appear to 
be about 160 feet over the George McKay seam, which is about the horizon 
of the Captain seam in the Marsh pit. 


Several trial-pits and slopes have been sunk upon the south out-crop of Captain and 


the Captain and Mill-race seamsin the vicinity of the Marsh pit, establishing 
the run of these seams, and shewing apparently a small divergence from 
| the George McKay seam, going eastward, probably from some diminution 
of the inclination. Proceeding in an opposite direction from the George 
| McKay slope, trial-pits which have been sunk on the crop of this seam, as 
| pointed out to me by Mr. Lawther, exhibit the turn of the seam upon the 


axis of the synclinal about thirty chains westward from the Marsh pit, and Axis of Middlo 


| by a slope sank by Mr. Lawson on the Captain seam, for the Merigomish 
Company, near the north-west boundary of their area, about twenty-two 
chains from the south-west corner post. 


‘the run of the Marsh pit group of seams on the north rise is indicated first ‘ 


ynclinal 


The coal is here three feet thick, and the dip at the mouth of the slope Captain seam 


slope, when a downthrow occurs about equal to the thickness of the coal, 
beyond which the inclination becomes 22°, and continues so for forty feet. 
In a bearing N. 67° E. from this, at a distance of about 850 paces, Mr. 
Lawson, by direction of Mr. Moore, has tested the whole of the Marsh pit 
group of seams, on a small stream which flows down the south slope of the 


| is S.20°E, < 173°. This inclination continues for eighty feet down the ares 


Marsh pit D 
tested by We 
son. 














| 
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Fi. In 
Cannel coal... 0cccsscccccecccc ceccecccccscvecececusescesess 0 4 Four-feet seam 
Mineral charcoal mixed With coal....cscesccccscececccescees … 10 above Captain 
Good brilliant coal ..cc..cccescecscccecccccccecececeeccceces 0 8 
Coal bored through...... cccsccccccreccccccvecesesecs cs 1 9 


The level course between the two pits is very nearly north, with a slope 
to the west, said to be about 1 in 6, or 9°, the low angle and irregular 
bearmg of the dip no doubt arismg from the circumstance that we are 
here ‘approaching to the axis of the synclinal curve. The southern of the two Axis of #y2- 
pits is about 300 paces from the assumed south crop of the Captain SEAM ; 
but having né means of determining the law of the curve it is not possible 
to calculate the vertical distance of the one seam from the other, nor to 
state what may be the relation of the higher one to the coal bed in the 
lowest position on McPherson’s Brook. 
Beyond McPherson’s Brook the Captain seam appears to run along a dingle 
supplying a tributary streamlet, a quarter of a mile up which there is a 
red ferruginous spring,* which is supposed to give evidence of its presence 24 spring. 
at the foot of a steep rise on a farm road leading up into D. MoPherson’s 
fields on the top of the hill. Should this seam and those associated with it 
continue in the same course for half a mile farther, they would come 
against the great North upthrow fault, the effect of which, however, may Contact of 
possibly turn them .a little south of west and continue their out-crop North Sault. 
somewhat farther eastward ; bat of this there is as yet no evidence. 
Somewhat over a mile south-west from the red spring, on the tributary McBean #ix- 
of McPherson’s Brook, and about thirty-three chains from the south-east 
boundary of their area, Messrs. McBean have sunk a trial-pit through 
eleven feet of drift and one foot of greenish-gray arenaceous shale, to a 
coal seam, of which the following is a section: 


Fi. In 
Cannel coal... .ccccsscccccccccccseccscccseesscccsveessececs 0 14 
Good cog]... ccc su sono ones rece eeeeeresscceesees 0 4 
Coarse coal and black carbonaceous fireclay............00000 eo 1 0 
Good coal of rather coarse texture... ..... ss. sesssssososesse 2 6 
Coal not so good, with hard shaly bands.....,.........orsocee 2 6 


The crop of the seam rises in a small brook (the upper part of the 
Marsh Brook) about twenty feet to the south-westward, with a strike N. 
37° E.; but a trial-pit sunk by Mr. Lawson on the crop about 160 paces Lawson'etrial 
north-eastward of the previous one, would appear to show the strike ? 


*The proximity of coal seams to the surface is so often indicated by red ferruginous 
springs, that these springs, called by Welsh miners the blood of the coal, are sometimes 
taken ag a guide in the search for out-crops. 
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Ft. In. F1. 
Light yellowish fireclay with Stigmaria.......cccccecssccscceccess 20 0 
Measures concealed….......,.... APRES ns ssessoususee 28 0 


Dark brownish-gray argillaceous shale, with six inches of black com- 
pact carbonaceous shale at the bottom, holding many well pre- 
served scales of Diplodws, half an inch in diameter............. 4 0 Diplodus scales. 


Coal—Good COB)... soso... nn sn seen nee 0 10 
Coaly shale eeecs SeHeeseovee eres FOeasesoeseoseeeeenenseeeee 0 


Dark gray underclay with Stigmaria, and bluish-gray fireclay........ 4 0 

Measures concealed ..... sm... ce rccrvccccccsce convsesssnecsssse 60 0 

Drab-gray fine grained sandstone partially exposed......cecssoeessss 20 0 

Measures concealed...,,......... nn uen soon ses eoeceseees 30 0 

Greenish conglomerate with quartz pebbles, associated with fine grained Lower conglo- 
sandstone, only partially exposed. ... ......sesessesessesess 30 0 merate. 

Measures coneœealed................. so. cssosssssocsveses 45 0 


Black shale, a band of which at the top is carbonaceous and is said to 
burn with a bright flame like oil shale... cscccccccscccsecess 54 0 


Coal—A seam reported by Mr. A. McBean to be probably here but of Reported coal 
uncertain thickness.....,....... eee cece ccecees soso 1 

Measures concealed,...,.....,.. sous socscoossosososesesssssesee 95 0 

Bluish-gray arenaceous shale....ccscscccencccsccccccvcsscsccssees, 15 0 


ame }10 





Coal.— The McBean eight-feet seam. ..asccccccvecccces secsccsscces 8 McKean eight 
——— feet seam. 
814 
Behind the McBean eight-feet seam Mr. Lawson has sunk several Lewsonand 


. trial-pitson the McBean area, and Mr. Robert Mitchell has sunk a num- Pit 

| ber of others on the Mitchell and Barton area which adjoins it on the south- 

east. By these pits the measures have been partially tested to a horizontal 

distance of about fifteen chains, in which the inclination of the strata 

gradually increases from 88° up to 55°, while they remain very parallel S‘ccpening of 
to one another on the strike, and a descending section of the ground, at 

right angles to the plane of the beds, is as follows, as nearly as has been 

ascertained : ' 


SECTION 7. (DIVISION C.) 


MBASURES BENEATH MOBEAN'S EIGHT-PERT SEAM. 
Ft. In. Ft. In. 


Greenish-drab underclay with Sfigmaria....,..,...sssssssoscssre 3 0 


Measures concealed........cccccccscsccccccccsese soso 6 0 

Yellowish-drab shaly sandstone.. Se e e0000008080t9500 6002800 14 0 

Black and dark gray argillaceous shale.......cccessvscccesecsess 14 0 a 0 

Coal.—A seam of an inferior shaly character .............e.00. 3 0 Seam of poor 


Gray underclay......cccccscccccccscccccrccoccseccescccsssese 2 0 
Measures concealed.......ccccccsccccccessvocsccccsccescssesss 8 7 
Yellowish-drab shaly sandstone......ccsesesseee cccccccsvecsse 4 6 
Black argillaceous shale......0 cccscvccccesccccccecess sou 4 6 
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Barton area where it seems to be interrupted by a fault, but the seam 
may possibly be found ultimately to be the same as that struck in Halibur- 
ton’s pit on the St. Lawrence area, somewhat less than half a mile beyond, 
where it apparently comes against the great North fault. In the other direc- 
tion from McBean’s slope Mr. Lawson has sunk a series of trial-pits on the 
crop, tracing it in a bearing 8. 37° W. for thirty-five chains, whence it 
gradually bends to S. 22° W. for between five and six chains farther. Crop of eight 
By this it appears that the crop runs unbroken for very nearly three- " 
quarters of a mile on the McBean area. At the south-western end of 
this, however, it meets with a serious interruption in the occurrence of 
a great dislocation. This appears to produce an upthrow on the south side, 
but what the extent of the break may be has not yet been quite determined. 
The position of this break having been ascertained by Mr. Lawson, it is Lawson fault. 
proposed to designate it by his name. In bearing it appears to be about 
S. 77° W., and in this direction it may have a connection with the Fulling- 
mill and the McGregor faults. 
If the measures are not interrupted by other disturbances, the Lawson 
fault would permit a much farther extension westward to the out-crop 
of the overlying six-feet than to that of the eight-feet seam, and by a 
series of trial-pits along the out-crop of the six-feet seam for the purpose 
of proving this, the increased workable extension of the eight-feet seam 
beneath would be proved at the same time. 
If by a proper transverse examination in the vicinity of the six-feet 
seam this should be found equivalent to the George McKay four-feet, or 
any one of the Marsh pit group, it would of course be immediately inferred 
that the eight-feet seam will occur some 700 or 800 feet beneath the bottom position of 
of the Marsh pit, and its out-crop might thus be sought for near the mouth Oe ae 
of the Marsh Brook. 
Although there are too many intervals of concealment on the lower 
part of the Marsh Brook, as well as between the six-feet on the upper 
part of the brook and the eight-feet seams, to permit an accurate com- 
parison of details, yet it will be perceived by a reference to Section 2 
( Division B), that at the depth of 789 feet beneath the George McKay 
seam there occur some bands of fireclay, and although no coal was seen 
associated with them, this would apparently be a favorable position in 
which a search for the eight-feet seam might be instituted. This spot is 
on the Pictou Mining Company’s area, and the occurrence of the eight- 
feet. seam here would establish its existence not only over the whole 
north-weetern part of the McBean area and carry it some distance on that 
of the company just named, bat place it also under a considerable portion 
of the George McKay and other areas in the neighbourhood. 


C 


Red-weathering 
sandstones. 


Synelinal form. 


Greenish con- 
glomerates. 


Four-fect scam. 
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In the 730 feet of arenaceous measures which have been partially 
examined beneath the McBean eight-feet seam, Section 7 (Division C), 
there occur in the lower half many bands of sandstone which weather to 
various tints of red, giving them externally the aspect of beds belonging 
to the Millstone Grit, and without careful examination they might be 
mistaken for such. There are beds on McLellan’s Brook, in the lower 
part of Section 8 (Division C), which have the same peculiarity, though 
by no means to the same extent, the effect of the weathering being to give 
the surface of the rock merely a mottled red and green colour. An instance 
of this is very conspicuous in a flagstone quarry on the top of a narrow 
ridge formed by a sharp turn on the right bank of McLellan’s Brook, a 
little above Black’s mill-site ; and it serves to assimilate the strata of the 
two localities. 

Allusion has heretofore been made (p. 16) to five small trial-pits and 
bore-holes on the crop of a coal seam sunk by Messrs. McBean on the line 
between their first and second square miles (going south-eastward) about 
250 paces from its south-western extremity. The dip is here southward ; 
but at the extremity of the line it appears to be northward. There is thusa 
synclinal form in the interval; and through this interval is supposed to run 
the Lawson fault, throwing the measures up on the south side. In the 
vicinity of the stake at the extremity of the line there are obscure evidences 
of the occurrence of a series of greenish-grey conglomerates with silicious 
pebbles. These conglomerates are better seen near the residence of Mr. 
Alexander McLean junior, where, as I was informed, the rock was met with 
in excavating the cellar of the building; and it occurs in two very — 
small ravines between 200 and 800 paces westward. Similar conglome- 
rates in a lower stratigraphical place are well displayed near the residence 
of Mr. Alexander McLean senior, at the foot of McLellan’s Mountain, 
where the rock is intersected by a mountain brook to the east of the 
house. On this brook, Mr. Haliburton has tested two coal seams ; one 
above the lower conglomerates, by a trial-pit on what is said to be a four- 
feet seam, at the foot of the hill, and another a short distance on the nse 
of the hill, where a four-feet seam immediately under the conglomerates 
and their associated sandstones, is naturally exposed. 

The dip of the conglomerates at the more northern position is about N. — 
43° W. < 18°; approaching the more southern conglomerates, it is about 
the same in direction, with an inclination of 19°, and at the out-crop, up the . 
hill, the inclination increases to about 24°. Constructed from these 
elements as a guide, the following would appear to be a descending section 
of the ground, to which, of course, the amount of concealment must give 
some uncertainty : 
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SECTION 8. (DIVISION B.) 
MEASURES INTERSECTED ON THE LAND ov Mr. A. MCLRAN, sxx 


. Melee’ ‘eed. 
Ft. Fi. Conglomerates. 


Greenish-grey conglomerates with silicious pebbies of various aizes up to 
two inches in diameter, many of them consisting of white quarts.. 85 


Meagures concenled.....ccccccesscces eeess 000098080060 800250 0000 ee» 05 23 
œ—— 107 
Coal es À seam of which the washts seen about fourteen chains to the west- 


ward of the line of section. ....esccerccecese eeeoeeoeoeovoseeeseeaesnes be 0 
Greenish-grey sandstone with much false bedding, seen about nine chains 
to the eastward 009 > 092050098909 095000 200000600010 0 0800 20 


Measures concealed.......... 0000000. ass e. coco ccncceeeseee 290 
——— 310 


Measures concealed,.............. es. se 5 400000808600 28080 000660080060 25 
Greenish-grey conglomerate with silicious pebbles of various sises up to 
two inches in diameter. This is not seen on the brook but to the 


westward of McLean's house... ...ccsccccccccrecccsenccccsesssce 37 
—— (62 


| Coal.— À seam sunk to by Mr. Haliburton, near McLean’s barn, said to be 4 Four-feet coal 
1 


| Coal—A seam is supposed to be probable here ......cecccscececccecec. 0 Supposed coal 


Grey arenaceous underciay with Sligmaria...,,,...... cossnrosssssore. 3 
Greyish-drab flaggy sandstone ...... .cccccccscsccccccressecsecscees 13 
Black carbonaceous shale ....., sccscecceccese ceva rscccccssccecesese 13 
Greenish-drab coarse conglomerates with silicious pebbles of various sizes 
up to two inches and a-half in diameter, in an arenaceous cement. 30 
Yellowish-drab and greyish-drab Segay * sandstones with partings shewing 
carbonized plants .... ses. sccnscccccce cessencesasesse 18 
Black carbonaceous shale ..........e..e.sesoserosossoocososesesessse 3 
Greenish-drab flaggy sandstone........,.,,, ges secs sseocoooseoce 16 
Greenish-drab coarse conglomerate, as before...,....,,...s...sevecse 8 
Yellowish-drab flaggy sandstones and coarse conglomerates, partially con- 
cealed ...... sonnsonrre sono cesse serons os sssesosoncosese OD 
Dark greyish-drab moderately thick bedded sandstone with many impres- 
sions of plants... ..ssoooossescossue ceeccvcccecccvcccses D 


— 163 
Coul—A seam opened by Mr. Haliburton at the crop. This may be called 


The Mountain seam .cccccvcccccee 00000 97.05 99000 0006-08 4 


By comparing Sections 6 and 8, it will be seen that there are two series 
of conglomerates in each, with no great difference of distance apart, while 
there is nothing in the one section seriously contradicting the other, so far 


‘ as known. Immediately beneath the lower conglomerates in Section 6, the 


measures are concealed, and these coarse beds may extend farther down ; 
but the change in the sediments to carbonaceous shales a little lower would 


- make the base of the conglomerates appear to be a position in which a coal 


' 
| cause the parallelism of the two sections to be more complete, and render 


seam might reasonably be expected. The discovery of such there would 


Congiomerates.- 


Mountain seam. 


a search for the McBean eight-feet seam at the distance indicated between ort 


W and the conglomerates in Section 6, a reasonable undertaking in the 
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SECTION 9. (DIVISION C.) 


MEASURES IXTERSECTED ON AND nan McLean's Baoox. 
Feet. 


Light-grey very bard and tough underclay with Stigmaria... 
Measures concealed .....,-cccccccccccccsccnecse cece neces 
Grey sandstone banded with dafk brown streaks; the rock 

weathers rust-brown and holds Stigmaria............, 
Measures eoncenled...........0 secs cece sesssoonsssessees 
Dark brown arenaceous sbales, with carbonized impressions 

of Cordaites dborassifolia... ccc ccccccccccceccccccesece 


Measures concealed...... cccccc cece ccc cce cece ccnccscnces 
Black argillaceous shale ...................e0..00 +... 
Measures concealed 20600 009929 0000560 0% 0 20058 00e ss 60 © © «© 


Grey arenaceous sbales with ferruginous bands prevailing 
most towards the bottom, and weathering rust-yellow, 
while the rest of the beds weather a deep brown...... 

Dark grey arenaceous shale, with Stigmaria and Cordaites bor- 

Measures concealed........... Sont soso serons 

Yellowish-drab fireclay, full of indeterminate Calamites casts, 
replaced by clay iron-stone ......,,,..........sues 

Measures concealed... 2... cc cee ccccccce cece recs ecseees 

Yellowish-drab fireclay, full of indeterminate Culumites casts, 
replaced by clay iron-stone ........,..,......0.. 

Measures concealed ............., soso veveretereseecees 

Greenish-drab coarse grained sandstone, stained reddish-brown 
in the partings, which are full of carbonized comminuted 
plant-casts ......... nn none 

Measures concealed............. cos nossronesssoseresseee 

Light grey sandstone with argillaceous partings carrying in- 
determinate plants............essosesosesecesosses 

Measures concealed.........s eco esccsoosossonssnsvueeee 

Black carbonaceous shale full of bivalve shells resembling 


Coal or coaly shale.....cerccoceseseccccsecccssscnveccees 
Measures eoncealed......, 0... soon en 
Dark brown arenaceous sbales, the colour passing into black. 
Grey underelay with Stigmaria ....00 vosoreossosssonsoooe 
Measures concealed.....,.... 0 accvccccesecssccccs tones 
Light grey flaggy sandstone with black carbonaceous partings, 

holding Noeggerathia, casts of Calamites and other inde- 

terminate plants......,.....oss.sese cocccseccesces 
Measures concealed ...........,........ esse 


Coal.—-The Widow McLean ten-feet seam (no called.) 
Bad shaly coal..............,,....ss soso. 


Dark grey argillo-arenaceousunderclay with Stigmaria ..... 
Measures concæaled........,.........e.ss os cesescccesece 


2 
57 


16 


33 


In. 


0 
0 


0 
0 


9 © © © 


37 


Feet. In. 


239 6 
3} 


178 0 


Measures Mc- 
Lean’s Brook. 


Small coal 
scan. 


Widow Me- 
Lean ten-feet 
sear. 
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Ft. In. Fi. In. 

Greenish-drab conglomerate with a reddish tinge, perhaps from 

weathering ; it holds pebbles of various sizes up to two 

inches in diameter, many of them of white and grey 

quarts and some of red sandstone ........ .,.,...,0. 8 0 
Measures concealed .... cece scccccs ccc ccccccnncccessvcece 90 0 
Dark grey hard sandstone in even layers varying in thickness 

from one quarter to three quartets of an inch; they 

would be well suited for the purposes of tile-atones... 30 0 


Greenisb-drab conglomerate with silicious pebbles....... ., 1 8 
170 0 








941 0 


While the general strike of the strata associated with the Mountain four- 
feet seam appears to be about S. 40° W., that of the Widow McLean group 
is S. 8° W., and this divergence makes it seem probable that the diffi- 
culty of the search for the McBean eight-feet seam between the two will l'robable fault. 
be enhanced by a dislocation, the position and amount of which have yet 
to be discovered. 
The above section occupies a breadth of about 630 paces, in which the 
westward slope of the strata gradually increases from 80° at the summit to 
98° at the base, and at a farther horizontal distance of about 280 feet across 
the measures to the eastward, in which the strata are concealed, there 
occurs an exposure of red conglomerate, more resembling beds belonging Hd conte 
to the New Glasgow conglomerate or to the Mill-stone Grit than any seen 
interstratified with the workable coal seams. This mass, of which I could 
not determine the dip or strike, occurs on McLean’s Brook, about 200 
paces, following up the stream in a north-westerly bearing, from the pond 
of Mr. Finlay McDonald’ssaw-mill. From the head of the pond down to the 
mill there is a distance of about 200 paces in a direction nearly east, tho 
strata in which are probably of the same character as the red mass farther 
up, and at the mill-dam coarse brick-red or Indian-rod shales become ked shales. 
exposed on the right bank of the brook, some of the beds of which display 
a few disseminated silicious pebbles of a couple of inches in diameter. 
In the bed of the stream under the mill a band of limestone makes Foeiferous 
its appearance. It is obscured by the refuse slabs ejected from the mill, 
but up in the cliff on the left bank it is again exposed, and here it has been 
quarried to a small extent. The limestone is brownish-grey in colour, 
and holds obscure fossils, some of which are probably Spirorbis carbonarius. 
This band of limestone, which is limited on each side by coarse red shales, 
is eighteen feet thick, and some small portions of it seem to be made up of 
hard masses of limestone surrounded by greenish shale. The dip of the 
bed is N. 87° E. < 55°. 
About one hundred and twenty paces eastward another calcareous 
band runs up the cliff It is about sixteen feet thick, and may be a 


) 
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repetition of the previous one, either through an undulation or a dislo- 
cation, the dip being S. 72° W. < 86°. The strike in each case would 


be nearly north and south, but that of the strata farther down the brook | 


appears, with many irregularities, to run more with the trend of the valley, 
which is nearly east. Somewhat under 2 mile down the valley, and about 


three hundred paces north of the brook, there is still another exhibition of | 
limestone near the house of Mr. Finlay McDonald (sawyer.) Here the | 


band is eleven feet thick, in very regular layers, which are interstratified 
with thin partings of shale. A copious spring issues from it, and the 
band can be traced for one hundred and twenty paces to the westward of 
the spring, with a general dip of N. 30° W. < 75°; while it is again met 


with in a bearing of N. 80° E., at a distance of about 250 paces from the | 


same spot. 
The rocks in the valley to the southward, judged of by two exposures on 
the north and one on the south side of McLean’s Brook, are red shales, red 


sandstones, and red conglomerates, associated with greenish-drab sandstones | 
and shales. Strata of a similar description are occasionally exposed in the | 
valley all the way to Sutherland’s River, and the whole bear a strong | 


resemblance to the deposits of the Millstone Grit. 


The strike of the limestone, near McDonald’s house, points towards the | 
exposures near his saw-mill, and notwithstanding the irregularities which | 
the latter display, the whole may belong to one and the same band. | 


Supposing this to be the case, it is very evident that the trend of the strata 
associated with the limestones diverges considerably from that of the 
measures accompanying the Widow McLean and the McBean coal seams. 
At right angles to the McBean seam, there is between it and McDonald's 
house, a distance of three-quarters of a mile, and in this there has yet been 
discovered no evidence of the emergence of the great mass of black shales, 
which it has been previously stated abuts against the Mill-road fault, 


notwithstanding that the Lawson fault is a considerable upthrow to the | 


south in the interval. It cannot be supposed that the Mill-road fault 


suddenly annihilates these black shales, and this disturbance being 2 | 


downthrow to the eastward, the inference is that the shales underlie the | 


arenaceous coal measures to the east of it; and as the strata associated 
with McDonald’s limestones probably belong to the Millstone Grit series, 
it follows that they must be brought to the surface by some very great fault 
running at an uncertain distance north of McDonald’s house. The course 
of this fault has yet to be ascertained ; but one point on it probably occurs 
at the exposure of red conglomerate above McDonald’s mill-pond. 

It will be seen by the sequel that the thickness of the black shales can 
searcely be much less than about 2000 feet. According to Mr. Hartley, 
the workable coal seams which have been tested on the west aide of 
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the East River, are interstratified in an additional thickness of measures, 
equal to about 500 feet, and below these he states the occurrence of a 
series of arenaceous and argillaceous beds, without any very valuable 
coal seams, but still belonging to the productive measures, of which the 
volume may be 1000 feet more. It thus appears possible that without 
allowmg anything for the New Glasgow conglomerates the great break 
which brings the Millstone Grit rocks to the surface at the east end of the 
coal field, may be an upthrow of at least 8500 feet; it will probably 
run across from the South to the North fault and it may appropriately be 
termed the great East fault. 

The relation of the Widow McLean seams to the McBean eight-feet seam 
not having been as yet ascertamed with accuracy, it is a question how far 
they may be beneath the bottom of the Marsh pit in the Middle synclinal. 
But as their outcrop has not presented itself on McLellan’s Brook, it seems 
probable that they are sufficiently deep seated to abut, in their south rise, 
against the black shales in the Mill-road fault. The Widow McLean seams 
can therefore scarcely be expected to come to the surface in any other 
place than south-east of the McBean eight-feet seam ; but it would appear 
from a comparison of Sections 2 and 8 with Sections 6 and 7, that 
Messrs. Mitchell and Barton have as yet ecarcely carried their researches 
far enough behind that coal seam to reach them. 

It has been conjectured that the Widow McLean scams may be the 
eastern outcrop, in a deteriorated condition, of some of thoso workable 
seams which underlie the great mass of black shales. If such were the 
case, it would follow that the fault between them and the Mountain seam 
would be a much greater break than has been supposed by me, and the block 
of strata with which these seams are associated would apparently be a 
quadrangular mass limited by four great breaks, namely, the one just 
alluded to, the Lawson fault, the great East fault and the South fault. 
But until the search for the McBean seam behind the Mountain seam, and 
for the Widow McLean seams behind the McBean seam, has been exhaustive, 
it will be premature to speak with anything but doubt of the structure 
of this part of the coalfield. 

On the St. Lawrence area, black shales appear to have been obtained in 
nearly a dozen trial-pits, embraced in a space of about one hundred acres, 
lymg southward of Haliburton’s main shaft. The shales are characterised 
by the presence of an abundance of Cythere, with many small scales and 
minute bones of fishes, but it does not appear probable that the shales will 
have any very great thickness. Their position seems to be on a continuation 
of the axis of the Middle synclinal, and the measures may be expected to 
preserve on the whole a moderate inclination. Indeed Mr. J. Weir, for- 
merly employed as pitman by Mr. Haliburton, pointed out to me a trial- 
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one hundred and eighty paces from the main shaft in a bearing 
, where he informed me the measures were quite flat. It is true 
3rain, formerly Mr. Haliburton’s overman, states in his manu- 
mal, with a copy of which Mr. Haliburton was eo kind as to 
», that the measures in this same pit dip S. 20° E. (Mag.) < 80°; 
t about seventy paces southward he registers the dip as N. 20° 
< 30°. In the interval the measures will naturally become flat, 
ore is no great discrepancy in the structure as given by the two. 

. Lawrence main shaft is eighty feet deep, and according to 

‘8 register the coal was penetrated at a depth of forty-five feet. 

ere but three feet nine inches thick, but ten feet above the 
the shaft it had thickened to eight feet horizontally, while at 
et further down on the slope of the seam it became eleven feet, 
eing good coal and the other coaly shale. At the depth of the 
lery or level was cut in the coal twenty-two feet to the westward 
en feet to the eastward. A transverse drift was carried back 
haft at a depth of seventy-five feet, and a bore-hole then driven 
ngles to the slope of the measures, which dipped towards the 
ngle of 75° ; in these, according to Mr. Weir, there were inter- 
following strata : 


In the drift and shaft. 









Ft. In. 
ireclay 
28 6 
In theBore-hole. 
ard fireclay... 
oft fireclay. 
ale........ 
ard freestone. 52 0 
80 6 


letails are given because they seem to indicate, by the tilted 
the measures and the colours of the strata, which are character- 
Millstone Grit series, that the face of the great North fault or 
mediate branch of it, must, at the depth of eighty feet from the 
1 close behind the bottom of the shaft. 
‘iously stated, the out-crop of the McBean eight-feet seam on 
south-eastern boundary of the McBean area, and entering upon * 
ll and Barton area, gradually bends round and assuming more 
than shewn in its previous course, is supposed to be interrupted 
The precise course of this disturbance has not yet been ascer- 
‘is it definitely know whether it is an upthrow or a downthrow. 
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Ifit were the latter, its effect would naturally be to steepen the dip of the 
coal seam where in contact with it, and this dip, whatever its rate, would 
probably be northward. We see in the St. Lawrence pit that the effect of 
the North fault has been to produce a slope of the measures in an opposite 
direction, and it does not appear to me an improbable conjecture that the d 
coal seam penetrated in that pit may possibly be the return of the eight-feet 
seam to the surface on the north side of a trough which lies between the 
two dislocations. It is possible also that the seam may abut against both Possible equiva- 
these faults, and perhaps against the supposed great East fault, and thus Lawrence seam. 
shew no out-crop around the east end of the arca which it may occupy, 
until it emerges near the St- Lawrence pit. After emerging, the out-crop 
gradually separates a little from the North fault in the neighbourhood of that 
pit; but as the fault gradually gains upon higher measures as it proceeds 
westward, the out-crop of the coal seam will again probably approach the 
fault and once more become concealed by it. 
If the fault which interrupts the McBean eight-feet seam were an 
upthrow, the coal bed in the St. Lawrence pit could scarcely represent 
it, and farther facta would have to be ascertained before the true structure 
could be given. It may be remarked, however, that the eastward strike 
of McBean’s aix-feet seam on the upper part of Marsh Brook, which is 
conjectured to be equivalent to the George McKay seam, appears to run 
such a course, that it will probably come against a mass of conglomerate 
which occurs south-eastward from Mr. William Grant’s house in that neigh- 
bourhood. This conglomerate is supposed to be the same as that which 
underlies the coal seam in question, as stated in Section 6. The dip of 
the measures is there northwestward, and the presence of the conglomerate 
in such a relation would, in reality, indicate an upthrow on the east side Upthrow fault. 
| of a disturbance. If the course which this disturbance may present, 
should point to the eastward interruption of the McBean eight-feet seam, 
' the upthrow of this seam might be considered as established. 
About twelve chains from the north-east corner of the McBean area 
in a bearing N. 55° E. there is an exposure of greenish-gray conglomerate, Conglomerate. 
dipping N.43° W. < 40.° Were the fault an upthrow, this exposure would 
seem to represent the lower conglomerate of Section 6, and the crop of the 
McBean eight-feet seam would probably have the same relation to it on 
the east side of the disturbance, that McBean’s slope has to the conglo- 
merate on the west. 
| * The Mill-road fault, as has been stated, runs about 8.8. E. from Black’s mun-rosd fautt. 
- mil-site on McLellan’s Brook, and its course can be pretty well seen in 
the line of demarcation which it presents between the arenaceous mea- 
sures on the east and the black shales on the west. But what its precise 
course may he, northward, or what effect it may produce upon the distribu- 


e 
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tion of the measures in that direction, I have found no satisfactory evidence 

Arenacoous to determine. Arenaceous measures extend westward beyond the direct 
. northern prolongation of the bearing given to the fault; but with a very 

little deflection westward the chief mass of sandstones would still keep on 

the east side, where they rise into a considerable hill, along the south- 

western foot of which the St. Mary’s road runs to New Glasgow. The 

eastward prolongation of this hill appears to constitute the north-west limat 

Anticlinal form. of the Middle synclinal.. The hill is supposed to have an anticlinal form, 

and rising on it to the north-eastward from Black’s mill-site, we have 

some evidence of north-western dips on the land of Mr. Andrew Campbell. 

Near his house on the-top of the hill is a well sunk through three feet of 

soil and thirteen feet of arenaceous shale and shaly sandstone ; the dip, 

as explained to me by Mr. Campbell, was found to be N.17° E.< 109. 

Farther north-eastward the rocks are so covered with drift that I have 

not been so fortunate as to meet with exposures shewing slopes in the same | 
direction, but evidences of a synclinal, whose axis would run on the other 
side of the hill until cut off obliquely by the great North fault, are met with 
under three-quarters of a mile north-eastward, where several coal bes 
have been worked to a small extent’ on Potter’s Brook. The ground, 
however, is here so broken by faults running in various directions, while 
the amounts of displacement are not known, and so affected by minor 
undulations, that it is next to impossible to correlate the seams with one 
another with any degree of certainty. 

A. MoKay’s | One of these seams occurs on the south side of the brook, where it was 
formerly worked by Mr. Alex. McKay, who informed me that the coal was 
of excellent quality, and who gave me the following section of the ground 
immediately beneath : 


N. W. dips. 


North synclinal. 


Coal—A seam of excellent quality............ Doce weer cece soso 5 0 
Calcareous Ash-gray calcareous underclay, characterized by a great abundance of well- 
undercisy. preserved forms of Stigmarin,............. ses sssssssesecerouses 1 6 
Asb-gray fireclay, becoming mottled with red by exposure to the weather, 
and holding £éigmariu.........,...,..... ssssesresssesesesense 7 0 
Coal—A seam of which the thickness was not ascertained................ 0 6 





The strike of the out-crop, as determined by the work on it, is about 
N. 62° W., with a slope to the north-eastward, but I am uncertain of the 
angle of inclination. ° 
About 300 paces N. 20° E. from this, on the north side of the brook, a 
horizontal gallery was opened many years ago (the colliery was visited by 
Fraser's five me when it was in work in 1841) by the late Mr. Alex. Fraser, in a seam of 
| excellent coal from four and a-half to five feet thick. The mouth of the 
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gallery is about fifteen feet over the brook and immediately under the 
south side of the telegraph road. The gallery in its general course is about 
N. 82° W., and it extends about 120 paces under ground, with a sudden 
turn southward about thirty paces in. The dip is northward, but as the 
natural out-crop on the face of the bank presents an arch, first rising 
southward towards the road and then falling again beyond to the level of 
the brook farther down, it is evident that the horizontal gallery would turn 
at some uncertain distance beyond the extent to which it has been carried, 
and come out again to the crop in the bank at the same height of fifteen 
feet above the brook, shewing by this a fold over the axis of an anticlinal Small anticlinal 
form or roll in the strata. On the south side of the brook, nearly opposite 
to this point, a slope sinks southward in what is supposed to be the same 
seam, and a rise in this on the south side of a synclinal might be expected 
to bring the seam into junction with that worked by Mr. Alex. McKay; 
but a fault appears to run between the two positions on or near the axis Faolt. 
of the synclinal and renders the identification less certain. According to 
Mr. Poole, however, a calcareous underclay of twenty-two inches supports Caloareous 
the Fraser coal, * and further assimilates the two seams. 
Immediately east of the mouth of Fraser’s gallery a fault occurs, and Fraser's fault 
vertical strata met with by Mr. George McKay, in a pit sunk about 185 
paces southward, shew the bearing of the fault to be about S. 16° E. 
Aout 140 paces eastward of this fault, and on the south side of Potter’s 
Brook, Mr. Lawson has sunk a slope for the Pictou Mining Company in Lawson's coal 
a eoal seam of which the following is a section :— 


Ft. In 

Cannel coal, varying in thickness from three to nine inches....,....,...., 0° 6 

Mineral charcoal mixed with coal.........,....., soe see soccer 0 2 
Good bituminous coal, of which from four to six inches at the bottom appears 

to be of a friable character...<.ccecccescccacrcccsccesssevceseces 3 0 

8 


The bearing of the slope is 8. 26° E., with an inclination of 20° for twenty 
eet; of 35° for eighty feet ; of 20° for thirty-five feet, with a sudden dimi- 
nution to 16° at the bottom, where a disturbance occurs running N. 52° W. Small fault. 
This disturbance cannot, however, be a great one, as it produces little dis- 
placement at the out-crop of the seam; but at some distance farther to the 
deep of the seam (supposed to be about seventy paces from the mouth of the 
slope) a much more important dislocation probably occurs. Its position A larger fault, 
4s inferred from the presence of about thirty feet of vertical sandstone 
about nine chains to the eastward of the slope, and a coal seam two and 
a-half feet thick, in a vertical attitude, about fifteen chains beyond ; the 


* Transactions of the Nova Scotian Institute of Natural Science for 1863, p. 38. 
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nates near the establishment of the Crown Coal, Brick and Pottery 
Company. The higher part of the ridge is composed of a brownish-drab sandstone 
sandstone of considerable thickness. This probably underlies the East meee. 
River eight-feet seam, but at what vertical distance is uncertain. 
At the Pottery works a pit was sunk to a three-feet seam of re- The Richardson 
markably good coal by Mr. Jos. Richardson, and is hence called the Richard- 
son seam, the measures intersected in the pit being as follows, with a dip 
of S. 57° E., < 194°. 


Ft. In 

Drifh. cca cccrccccccccnnrccces cons dee sense no nero cese os eeeseees 16 © 
Grey argillaceous sandstone, gradually crumbling in the weather........... 24 0 
Coai— The Richardson seam, of remarkable good quality......crseccscsces 3 0 
Grayish-drab Greclay, with abundance of Stigmariu.........,........0 . 3 0 
Light yellowish-drab fireclay.....,....,.....ss0ossse cover suosssosseee 11 0 
57 0 


These measures would underlie the mass of sandstone forming the 
ridge, and the out-crop of the coal seam would follow the foot of the rising 
ground up to the great North fault; where it crosses the road to the 
Scotch church there is a red ferruginous spring to mark its probable 
position ; but in its south-westward course, the seam will probably be inter- 
rupted by a dislocation of which there is evidence at no great distance 
beyond the Pottery. The excellent quality of this coal gives it a resem- Comparison vt 
blance to that of a bed two and a-balf feet thick, which, as will be seen by 
Section 7, is about eighty feet beneath McBean’s eight-feet seam. 

At Chisholm’s mill-pond, on Potter’s Brook, about thirty chains south- 
ward of the Pottery pit, an excellent seam of coal, said to be well suited for 
blacksmiths’ purposes, and reported to have a thickness of three feet, was 
formerly worked by the Rev. Mr. Stewart, and is hence called the Stewart 
seam. The measures associated with it, as near as I could ascertain, are 
as follows, in descending order : 


Ft. In. Fe. In. 
Black carbonaceous sbale.....,...,.,...,.00: soso 10 0 
Coali— The Stewart seam... ccscccsccesscssccsscevcvecsccscess 3 0 gtewart's scam. 
Gray underclay.... ..... cccccccccee re nterencececcecceecens 3 0 
Measures concealed, but probebly black carbonaceous or argil- 
laceous shale 2... ccc vcccecvccsecccesseverscesesvesees 120 0 
Gray sandstone, weathering drab .......cccccccceccccecnccccs 5 0 
= 138 0 
Coal and black argillaceous sbale....,... see e CIEL 0 1 gmall coal 
Gray soft fireclay...ccewsccesccccccecccvcenes socnseveccece 1 6 seam. 
Gray hard fireclay with indications of Stigmaria ...ccccccccees 3 6 
Grayish-drab standstone....ccsccccccccccccsscrsccsecnccccese 2 0 
Gray argillo-arenaceous shale...rcccccccccccscsensccvcsesens 1 0 
Grayish-drab sandstone... cesse ss. se peeenencccsee 40 
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Ft. In. #t. In. 
Gray arenaccous shale........ cccecccvcccsccecvcescccnccesas 0 6 
Blackish argillaceous shale. ..............0...ssesesesveuse 0 6 
‘Gray flaggy sandstone .......... ..,.., se soso soso 36 0 
Black carbonaceous and argillaceous shale, only partially seen.. 60 0 99 © 
Coal.—Oannel ..... 2.2 ccecscsssccovcrececenv asec secnsessvanees | 0 11. 
Gray fireclay ........... corses sees ose screens soso 3 0 
Black carbonaceous shale, only partially JON. eus ssceccseces 105 0 
Grayish-drab sandstone ......,..... ss sssosonesses cncecese 25 0 
133 à. 
374 0 


The sandstone at the base of the preceding section is seen on the west 
side of the New Glasgow road, at the bridge over Potter’s Brook; and 
proceeding down the brook from this, the cliff on the right bank gives a 
continuous descending section, in which nothing is met with but black 
shales. These have been carefully examined by Mr. Hartley, and the 
direct breadth of them in the bearing N. 80° W. which is at right angles to 
the strike, is computed to be very nearly 475 paces, with angles of inclina- 
tion varying from 83° to 47°* This would give a thickness of about 700 
feet, and if to this be added 500 feet for what may be concealed to the 
middle of the river, the distance being fifteen chains and the supposed 
inclination 80°, the thickness would not be less than 1200 feet. 

The strike of the Stewart coal seam across Chisholm’s mill-pond and in 
the two or three crop-pits on the north side of it, is about N. 18° W., 
with an inclination to the eastward of about 80° ; but a search for the seam 
in this direction, by trial-pits approaching the Pottery, has proved unsuc- 
cessful. Ina cliffon the right bank of the East River, above the raïlway | 
bridge, there is a considerable exposure of strata, which very probably 
underlie the seam ata considerable depth. About a quarter of a mile 
above the bridge, black shales, which are a part of the strata exposed, 
dip N. 40° E. < 28°—25°, and this dip is preserved on the strike for 
300 paces; but approaching within 200 paces of the lower end of the 
bridge, the strata suddenly becoming arenaceous, plunge with a dip of 
N.5° W. < 43°—45°, maintained for 150 paces measured directly across 
the strike, while close by the extremity of the bridge there appears to be 
a dislocation. This displacement, which may be called the Bridge fault, 
would seem to run a little south of the Pottery pit on the Richardson seam, 
and thesudden bend in the measures would carry the Stewart seam con- 
siderably out of its course to the westward, and thus, aided by the break, 
which is probably a downthrow on the north side, would bring it much 
nearer the river. 

Southward from Chisholm’s pond the measures appear gradually to 
assume a more westerly bearing, the strike becoming S. 20° W., and at 
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the distance of between 800 and 400 paces from the pond they are inter- 
rupted by another dislocation. The evidences of this were observed by 
Mr. Hartley on the right and left banks of Potter’s Brook, about a quarter 
of a mile below the New Glasgow road, where the dip of the black shales 


' becomes S. 5° E. < 60°. The course of this fault seems to be about west ; 

| itis a downthrow on the south side, supposed to be of about 200 feet, and 
| on this side of it the black shales turn south-eastward and gradually con- 
| form with the arrangement which they present on McLellan’s Brook. 


The great mass of black shales which immediately succeeds the band of 
sandstone on the west side of the New Glasgow road at Potter’s Brook 
seems to indicate that we have here the base of the arenaceous measures 
and the summit of the black shales, and the position and arrangement of Summit of 
the mass render it probable that it is to be considered an addition to the | 
thickness which Mr. Hartley has found to exist at the highest horizon in 
them on the west side of the East River, less the 200 feet repeated in 
the Potter’s-brook fault. Their volume over the Main coal seam (more 
jarticularly described in Mr. Hartley’s Report,) is, according to him, 
1128 feet. If to this we add the 1000 feet occurring on and near Thickness of 
Potter’s Brook, we have a thickness of 2128 feet. 

It has already been stated that McLellan’s Brook, below Black's mill-site, 
presents a great body of these black shales, and on the East River, above 
the mouth of this brook, there are farther exposures, reaching to the out- 
crop of the Main seam, where a slope has been opened on it by the Pictou 


Mining Company. The whole will give to the series a transverse breadth 


of a little more than a mile and a quarter, with a north-eastward dip varying 
in inclination from 8° to 24°. Such a computation as can be made from 
these elements would assign to the black shales on the west side of the 
Milkroad fault, at Black’s mill-site, a volume of 1740 feet. As this is 888 
feet less than the total thickness stated above, it would follow that the Break !o Mill 
displacement produced by the Mill-road fault would equal this, with as much 
in addition as the base of the arenaceous measures may be underneath the 
surface on the east side of the fault at that spct. As already stated, the 
precise course of this fault northward from Black’s mill-site remains a 
matter of uncertainty ; and whether it is deflected so far as to run for the Bearing of mu 
black shales at Potter’s Brook and come to the East River near the railway 
bridge must continue a subject for future investigation. 
The out-crop of the Main seam, upon which the coal works of the Main sam. 
General Mining Association are situated on the west side of the East River, 
crosses the New Glasgow road about a quarter of a mile above the turn to 
the Albion mines, and the slope of the Pictou Mining Company, which 
for the present is abandoned, is seen about 120 paces east of the road. pesrence to 
As a detailed description of this seam, as observed by Mr. Hartley on the Hine" 
D 
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west side of the river, was necessarily to be a part of his Report, it was 

left to him to follow the investigation of it and the seams and ground 

associated with it to the eastward. I shall therefore refer to him for 

what is to be said of it and of a shaft sunk to it on Grant’s farm, further to 

. Btrikeof Mein the eastward. The strike of the seam from the Albion mines to the slope 
is about S. 70° E. (or S. 47° E. Mag.), the dip at the mouth of the slope 
being N. 20° E. (or N. 48° E. Mag.) < 192°; but here the out-crop 
turns a little more southward, and a trial-pit has been sunk on it a quarter 
of a mile farther, in the bearing S. 45° E., thirteen chains beyond which 
it will come upon a fault, the course of which, as ascertained by Mr. Hartley 
on the west side of the river, is almost exactly east. About thirteen chains 
on the course of this fault a coal seam occurs on the south side of it, on the 

McLeod seam. land of Mr. Donald McLeod. The following is a section of the seam, as 
given to me by Mr. Lawther, who sunk the trial-pit :— 


Coarse coal...... some rece cevcce te veascrecssenessccecesce 2 6 
Coaly shale in very thin layers..........,.,...,...o0 secvececens 3 0 
Good coal, or the best part of the seam.......................... 2 6 

8 0 


The crop has been traced a distance of about 190 paces, and the dip of | 
the strata is about N. 76° E.< 19°, black shale being above the coal 
seam, and sandstone supporting the underclay beneath. If this were 
the Main seam the displacement of the fault would be an upthrow of 286 
feet on the south side; but the character of the seam ‘is more like some of | 
those lower down, and the upthrow, therefore, is probably much greater. | 

South fault. This is the only coal seam I could hear of that has been struck on the 
south side of the fault above mentioned. Between the trial-pit on the coal, 
however, and the great South upthrow, which appears to pass a little south | 
of the house of Mr. Neil McKay, there is a space of a mile in breadth. 
The strata striking south would run across this nearly at right angles to the 
direction of the South fault. If the coal seams reach so far it is probable that | 
they may be deflected somewhat to the west on approaching the upthrow ; but | 
as already stated, it is not impossible that a southern portion of the space 
may be occupied by rocks of the Millstone Grit series, brought into place, 
by a fault subordinate to the great one. I have no facts, however, on the | 
east side of the East River, to shew how much this may be. | 

About 200 paces less than a mile from the run of the coal seam on 
Donald McLeod’s land, and .at right angles to the strike, a pit has been | 
sunk for water on the land of Mr. William McLeod. The pit is sixty-three 
feet deep; no water was obtained, and judging by the débrie lying about | 

Black shales. the mouth of the pit, it penetrates nothing but black shale. A lump of 
ayphaltum is said to have been obtained at the depth of twenty-five feet, | 





shale. 
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but I presume it may have been oil shale, or highly carbonaceous shale. 

The position of the excavation is on the road which crosses MoGregor’s 

Mountain, and it is about 800 paces north of the South fault. 

About 1400 paces still farther east, but, as is supposed, on the east Threefyet coal 
side of the Mill-road fault, there is an old gallery or level on a seam of coal Fulkag-mll 
sad to be three feet thick, over which rises a considerable thickness of black 


The mouth of the level is seen at a great bend of McLellan’s Brook, 


about 240 paces above the Fulling-mill bridge, and a little over 800 paces 


north of the South fault. The dip of the strata appears to N. 


54° E. < 18°. 


About 300 paces farther up the bend of McLellan’s Brook, but not more 
than 300 paces on the road which runs southward from the Fulling-mill 
bridge, there is an exposure on the right bank of the brook, which would 
be on the east side of the Mill-road fault, and on the south side of the 
Fulling-mill fault, but it is uncertain to what division it may belong. The Section of mes 
base of it reaches to within fifty paces of the Devonian rocks brought Up "onian rocks. 


by the great South fault. 
descending order :— 


Greenish-drab arenaceous shale interstratiied with layers of 

greenish-gray sandstone ...ccecsccrccscccccccccces eens 
Black argillaceous shale with thin layers of sandstone. eee cesers 
Greenish-drab sandstone .....,.....sesesssscreseeusoese wee 
Black argillaceous shale........ sonores uvsose 
Gray shaly sandstone .....,.,...,,.,,,,...sssesocnese vo. 


Greenish- gray conglomerate with siliceous pebbles of various 
sizes up to an inch in diameter, in an arenaceous matrix.. 
Black shale...,.....4.. soso cvcsecseeesceses soso 
Greenish-gray conglomerate as before, with some sandstone . 
Dark gray shaly sandstone ....,....... sonner sesens sense 
Greenish-gray conglomerate as before., .......0.e00 00000000 0 0 » 
Greenish-drab Sandstone ......,...,..,...sesovosooocsves 
Black sbale............,.,, Cec cccnceees Ser rrrrr rere rr rrr 
Groenish-drab sandstone ....ccccccerccccccscccvccncccens … 
Black finky argillaceous shale weethering to a light gray clay... 
Greenish-gray sandstone with indications of Stigmaria.......+. 
Greenish- gray conglomerate, as before .......,.,,., PETITE LE 
Grayish-drab sandstone..........,.,,...e.se osseuses 
Coad .....susrsosnno nn sono sonne sonore ses snns secoue 
Greenish-drab eandstone with uncertain indications of Stigmarta, 
witb greenish-gray conglomerate at the bottom.......... 
Black argillaceucs shale with much iron pyrites.........,..... 
Greenish sandstone, mottled witb red, probably from weathering, 
Reddish sandstone, in some parts approaching to a drab; the red- 
dish colour is perhaps due to weathering.........,.,,,., 


The following is a section of the strata in 


Ft. 


me 
> 


22 


So 
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Conglomerates 
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3 Small coalseam 


Red sandstone, 
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varacter of some of the strata of this section induce 
the mass may belong to a lower horizon than the 
n the south side of the Fulling-mill fault, though still 
Productive measures ; and it may have been brought 
hit occupies by some entanglement with the South 


fa certainty to belong to a lower subdivision of the 
than the Productive measures have been as yet 
South fault, between these and the Devonian scries, 
that some red rocks which Mr. Hartley has noticed on 
last River may possibly be such. It is to be remarked, 
ed rocks appear to have the same eastward dip as the 
e measures above them, in so far as the McLeod coal 
8 guide; and they may represent a deeper portion 
zasures than seen elsowhere in this coal field, with 
New Glasgow conglomerate. 
ihe typical character of this conglomerate appear to 
> the surface by either the South or the East fault, 
West fault. This does not, however, disprove their 
eneath the whole of the Productive area abutting 
and constituting the base of Dr. Dawson’s Middle 
ferred by Mr. Hartley. 
ms to be supported by the presence, immediately on 
nglomerate, of the coal seam worked by Mr. William 
the burning of his limestone, and another said to 
ugh the occurrence of these is not strengthened by the 
any of the larger workable coal seams in the Pictou 
ts of which have yet to be examined by the officers of 
| not be surprising to find, in a country apparently so 
ocations, that the absence of the larger seams may be 
résulting from some of these faults, of as important a 
affecting the productive part of the field above New 


ess of the Carboniferous rocks of Nova Scotia, as 
f at the Joggins in 1848 is about 14,700 feet. The 
> far as our examinations have gone on the present 
ding order as follows : 


3, according to Mr. Hartley’s Section 1, without 
for the East River series of Section 2, which 

lition wholly or in part.. teeeeeeee eee 3773 

Homers, as measured on the east side of the 


EPTEEETECEEEEEEEEEE EEE ETES EEE se 1600 


Prodactive coal measures : 
Measures on the west side ofthe East River, according to 
Mr. Hartley's Section 4....sccecce.se0 veece coerce os... 2453 
Measures on the east side of the East River : 
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Ft. Ft. 
Black shales above Mr. Hartley's Section 4.... 1000 
Arenaceous measures of this Report. 
Section 3, Division C...............00 924 
Section 2, Division B...,.,,...... eo cerccees 819 
Section 1, Division A......,..,... cence 223 
Strata above À ...,....,,. eco 148 
—— 2114 
—— 3114 
—_ 5567 
108 40 


When it is considered that in the sections above given on both sides of the 
East River we do not in any case, with the exception of the New Glasgow 
conglomerate, suppose that we have attained either the bottom or the top 
of the series to which it belongs, and that the subdivisions at the summit 
and at the base of the whole Carboniferous group are wanting, though 

deposits belonging to them are not far removed from the district examined, 

it seems probable that the volume assigned to the Carboniferous rocks at 
| the Joggins will be fully maintained in the Pictou region. 
| I have the honour to be, 
Sir, 
Your most obedient servant, 


W. E. LOGAN. 
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Or 


MR. EDWARD HARTLEY, F.G.S., 


ADDRESSED TO 


SIR WILLIAM E. LOGAN, FRS. F.G.S., 


DIRECTOR OF THE GEOLOGICAL SURVEY. 


Montreal, 80th November, 1869. 


Sm,—lIn accordance with your instructions of July, 1868, I devoted 
the remainder of the season of that year to the exploration of that portion 
of the coal field of Pictou, Province of Nova Scotia, which lies to the west 
of the East River, and now have the honour to present to you the following 
Report. Having been made aware that my investigations were to be more 
especially devoted to the productive portion of the measures, no detailed 
examination of the older and outlying rocks has been made, except in 
so far as seemed necessary for the proper definition of the limite of the 
productive coal area. My description of such rocks will, therefore, be 
somewhat incomplete. The presence of numerous faults or dislocations 
of strata, throughout this region, combined with the fact that it is covered 
with an unusual quantity of drift, renders accuracy in the preparation 
of sections and in the mapping of the outcrops of coal seams, a difficult 
task, and in many places the facts which it has been possible to obtain, 
will only enable me to show the general structure. 

In the preparation of this Report, and of materials for a map, I have 
been greatly assisted by the records of various mining companies and 
of individuals owning or working the coal areas of this section, also by private 
and public railway surveys, land surveys, and in the case of working 
collieries, by such underground plans as I have been able to procure. 

I would here acknowledge the many courtesies received by me from Acknowiedg- 
those whom I have met in the course of my examinations. In all cases tance. 
the fullest information has been granted, for which my sincere thanks 
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e and I would especially acknowledge my obligations to the 
g gentlemen, for the information they have so freely given me: 
H. Crosskill, Assistant Provincial Secretary ; Mr. Avard Longley, 
Jommissioner of Railways of the Province; Mr. J. Rutherford, 
?rovincia] Inspector of Mines ; Mr. W. A. Hendry, Deputy Com- 
er of Crown Lands; Mr. James Hudson, M.E., Chief Manager 
| Mining Association of London ; Mr. Jesse Hoyt, General Agent 
Acadia Coal Company of New York, U. S.; Mr. James Dunn, 
| Agent of the Intercolonial Company of Montreal; Mr. Truman 
, Agent of the Nova Scotia Coal Company; Mr. J. P. Lawson, 
Engineer, New Glasgow; Mr. J. B. Moore, Contractor for the In- 
dal Coal Company’s railway; Messrs. Hanning, Civil Engineers, 
ze of the construction of the same railway; Mr. William Barnes, 
Engineer of Halifax; Mr. R. G. Haliburton, Col. R. B. Sinclair, 
R. Kirby, of Halifax; Mr. Daniels, of Pictou Mining Company ; 
B. Leather, C. E., of New Glasgow ; Mr. A. P. Ross, of Pictou; 
. J. Weir, of Pine-tree Brook. 
cial attention is called to the kindness of Messrs. Hudson, 
ad Dunn. At the Albion mines I have not only had Mr. Hudson’s 
ion to examine and copy many valuable records and drawings, but 
oresented the Survey with complete copies of his extensive under- 
plans, copies of drawings and specifications of machinery, and 
ate surveys made for the General Mining Association. By his 
ion, most satisfactory information was given me in my examination 
oachinery by Mr. Thomas Blenkinsop, engineer, and of the under- 
work by Mr. William Hall, underviewer, and both of these 
1en I would especially compliment on their admirable management 
vorks under their charge. I would also remark that to the skill 
Thomas Rutledge, of the same company, we are indebted for the 
dle set of drawings presented by Mr. Hudson. 
he Acadia collieries also, I have been allowed by Mr. Hoyt full 
‘0 the company’s records and plans, and am indebted to him for the 
nen, and for much verbal information useful in my survey. Infor- 
concerning machinery and underground work, has been freely 
i by Mr. William Blacker, general overman, as also much inform- 
f a general character. I would also acknowledge courtesies 
teral character received from Mr. J. W. Clendenning of New York, 
nt of the Acadia Coal Company, who was kind enough to allow me 
yom in the company’s building. In the examination of the Inter- 
Company’s works and area, I have been materially aided by the 
y of Mr. Dunn, who furnished plans, records and information. 
instruction, Mr. James Wilkes, underviewer, and Mr. Joseph 
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Richardson, underground overman, have also given me full information 
concerning machinery and underground work. I have also been assisted 
by plans of the railways by Mr. Moore, and a record of pits and berings 
by Mr. Barnes. 
_ The area examined is included between the East and Midile Rivers of Ares examined. 
Pictou, and extends laterally from the Conglomerate ridge, a prolongation 
of Fraser’s Mountain on the north of New Glasgow, to the Fox-brook road 
between Coal Mines and Hopewell villages. The rocks observed may be 
included under the following heads: 
1. Pre-Carboniferous. Rocks observed 
2. Millstone Grit. 
3. New Glasgow conglomerate. 
4. Productive coal measures. 
These rocks I now propose to descride, and will then treat of their 
‘istribution in this region. 
1. PRE-CARBONIFEROUS. Pre-carbonife- 


rouse. 

Between the East and Middle Rivers, on the northern ridge, there 
| appears aseries of metamorphic rocks, unconformable to the overlying Car- 
Loniferous, consisting of quartaites, felsites, altered slates, and conglome- 
rates, in which I could find no distinguishing fossils. This series has or. J. w. Daw- 
however been observed by Dr. J. W. Dawson, and in his Acadian ”” 
Geology he states that they are “ probably of Devonian age.” * 
Some of these masses are quartzites, extremely tough and compact, of Quartsites. 

colours varying from dark sap-green to blackish-green, and weathering 
to a rust-brown. Others are quartzites of similar colours, weather 
opaque yellowish-white, and appear quite free from iron; while others 
still are of a dark olive-green, and weather to a very dark blackish-brown. 

Felsites varying from pistachio-green to olive-green, and weathering Felsites. 
deeply to a rust-brown, are also found. These appear to be brecciated 
wherever met with, and although compact are always much shattered. 

A large portion of the rocks consist of altered slates, ranging in colour Altered alstes. 
from dark olive-green to dull greenish-grey, and weathering from an 
spaque white to a rust-brown. It is difficult, in many cases, to distinguish 
between the slates and quartzites; in fact they seem to pass into each other 

by imperceptible gradations. 
Two descriptions of conglomerate, and possibly a third, are associated Conglomerates. 
with the series. The first is one in which both cement and pebbles are 
_ ‘fa greenish-gray colour, and so nearly alike in hardness that in breaking 
à mass the pebbles and matrix are fractured evenly across. This rock is 


* Acadiac Geology, p. 319 of second edition. 
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extremely hard and tough, and appears to pass into quartzite by a gradual 
diminution of the pebbles, which are themselves quartzite of a alightly 
lighter tinge than that of the silicious cement. The second conglomerate 
is seen but in one locality, on McCulloch’s Brook, where it forms a bed 
of some twenty feet in thickness, but it is so much injured by weathering 
that scarcely more can be said of it than that some of the pebbles are of 
a vermillion red jasper, with a cement weathering to a bright brick-red. 

But one band of limestone of this series has come under my observation. 
This is seen at Waters’s limestone quarry, at the end of the Smoky-town 
road, where it appears to be about twenty feet in thickness, included 
within quartzites and altered slates. This limestone is of excellent quality: 
and is of a white or bluish-white color, with a tinge of ochre-yellow in 
the cracks; it weathers to a dead white with a porcellanous lustre, the 
edges of weathered specimens showing some thin laminæ in relief, 
giving a surface resembling that of an oyster-shell. 

These rocks form a ridge on the north of that portion of the coal field 
which has been examined, and going west are first met with about a mile 
from New Glasgow bridge, en a considerable rise of ground known as 
Waters’s Hill, and thence scattered exposures and the general character 
of the ground indicate their presence on this hill as far west as the Iuter- 
colonial Company’s railway: Watera’s limestone quarry is on the summit 
of this hill, and besides the limestone the green felsites are well exposed. 
The dip appears to be S. 17° W.* <40° but the measures are disturbed by 
8 fault. In the railway cutting at the west end of the hill good exposures 
are met with of the quartzites and greenish conglomerate, with a general 
westerly dip at high angles, but the true stratification is rendered very 
obscure by numerous dislocations and irregular cleavages throughout the 
whole mass. From the railway bridge over Waters’s Brook the altered 
slates and conglomerates are well exposed in the cliffs forming the banks 
of McCulloch’s Brook all the way down to its junction with the Middle 
River. Here, with a direct breadth of about one-third of a mile north- 
ward from the junction, and bounded on each side by faults separating 
them from the newer strata, the rocks of this series cross the Middle 
River, on the left bank of which they form a low ridge, and on the mill- 
pond of the Axe factory in that neighborhood occur the most western 
exposures that have been examined. 


2. MILLSTONE GRIT. 


From widely extended examinations of the Carboniferous rocks of this 
Province, Dr. J. W. Dawson, in his Acadian Geology, has subdivided 





+ The bearings in this Report are sstronomical, the variation for magnetic north being 
23° 15/W. See note p. 6. 
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this system in Nova Scotia, into five “ subordinate groups or formations,” 
as follows, in descending order :* 


“1. The Upper Coal formation, containing coal-formation plants but De. Dawson's 
Car boniferot 


not productive coals. 

62, The Middle Coal formation, or coal formation proper, containing 
the productive coal-beds, 

“3. The Millstone-grit Series, represented in Nova Scotia by red and 
gray sandstones, shales and conglomerates, with a few fossil plants and thin 
coal seams, not productive. 

4, The Carboniferous Limestone, with the associated sandstones, marls, 
gypeums, etc., and holding marine fossils recognised by all palæontologists 
who have examined them as Carboniferous. 

65. The Lower Coal measures, holding some, but not all, of the fossils 
of the Middle Coal formation, and thin coals, not productive, but differing 
both in flora and fauna from the Upper Devonian, which they overlic 
anconformably.”’ 

Provisionally adopting the above nomenclature, it would appear that the 
Carboniferous rocks which I have here met with, are all referable to the 
Middle Coal] formation and the Millstone Grit. Subdivisions 1, 4, and 5, 
are wanting throughout the region examined, and in some places the 
unconformable Devonian rocks appear to encroach on the base of the 
Middle Coal formation without the presence even of the Millatone Grit. 

The Millstone Grit is here represented by a considerable mass of red, 


n of 


Subdivisions 
wanting. 


Red, green and 
rays sandstones 
estones and 


green and gray sandstones and arenaceous shales with mottled sandstones, congiomerates 


of limestones more or less pure, and of coarse and fine conglomerates, 
the whole manifestly underlying the Middle or Productive coal formation. 
This will be best described by two sections of strata belonging to the series, 
which, as now given, are to be considered as representing the larger rock 
masses rather than the detailed strata of this subdivision ; but as the Pro- 
ductive coal measures, where their limits are accurately known, always 
seem to be separated from this series by faults, while in some places at 
least, the subdivisions are unconformable with one another, it would not 
only be impossible to give a section graduating upward into the Pro- 
ductive measures, but it would also be imprudent to hasard an opinion as to 
the exact horizon which the sections occupy in the Millstone Grit. 

The first of these sections occurs on McLeod’s Brook, lying to the west 
of the coal field, and affords a fair representation of a considerable portion 
of these rocks ; but as the exposures, though frequent, are not continuous, 
it 18 to be regarded only as an approximation. The strata are given in 
descending order. 





* Acad. Geol., second edit. p. 129 et seq. 


Faults. 
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SECTION 1. 


MEASURES ON McLEOD’s BROOK FROM GAIRLOCH ROAD To MIDDLE RIVER ROAD. 


1. Reddish-grey, brick-red, and mottled sandstones in alternations; some 
bands of about an inch in thickness are a green conglomerate with 
Quartzite pebbles............sssssorsssesessen saccencecccces cone 

2. Red sandstones.....,..............,,..,......... PRES TETE EE ERETE 

3. Greenish-drab sandstones, weathering red; some bands are red throughout. 

4. Reddish-brown sandstones. ....ss0cccccccccsccccsccccevccesccvessecs . 

5. Mottled Indian-red and light yellow sandstones tinged with brown; the 
predominating colour is Indian-red, the yellow portions being usually 
only from a quarter to a half inch in diameter, and sometimes assuming 
a greenish tinge. This mass contains some bands of from three inches to 
two feet thick, entirely of red sandetone............,:....., sur 

6. Red fine grained flaggy sandstones, interstratified with occasional thin 
bands of fine conglomerate. The mass is partly concealed........... 

7. Greenish-drab red-weathering sandstones, holding thin bands of a greenish 
conglomerate, with pebbles of quartzite up to one inch in diameter. 
The sandstones contain many arenaceous plant casts, some of them 
three inches in diameter, all being indeterminate............. se eeeee 

8. Brick-red shaly sandstones and arenaceous shales in alternating light and 
dark beds... ccccccccrncevcncenceccssccensescessssssecncsescesee 

9. Reddish-brown fine grained heavy bedded sandstones, not well exposed.. 

10. Chocolate-brown and brick-red shaly sandstones in alternating bands..... 
11. Brownish-red coarse brown-weathering conglomerate......,..,......... 
12. Brownish-red coarse flaggy eandstone similar to the last.........,....... 


13. Red coaree conglomerates weathering dark chocolate-brown, holding quart- 


zite pebbles up to six inches in diameter, and containing lenticular 
masses of coarse greenish-drab rusty-weathering sandstone....... 


14. Greenish-drab coarse conglomerates, alternating with coarse greenish-drab 


flaggy sandstones (tile-stones) in beds of from a quarter to half an inch 
thick, holding many indeterminate black plant casts in the partings. . 


15. Coarse conglomerates, with pebbles up to an inch and a half in diameter, 


composed entirely of a green quartzite and altered slate, in a coarse 
argillo-arenaceous pement, the whole of a green or greenish-drab colour 


16. Red sandstones, varying in colour from chocolate-brown to Indian-red ; as a 


rule they are fine grained, and show many carbonized plant casts, 
around which, for about the twentieth of an inch, the colour of the sand- 
stone is changed toa light lemon-yellow, as if from deoxydation of 
perOxyd Of fron. coe cccecvcncsgenvcae sono soc cavessseceseseeees 
17. Coarse conglomerates of a rust-brown colour, tinged with green ; they havea 
silico-ferruginous cement, and hold pebbles of green and black quartz- 
ite, altered slate, and a few vermillion-red jasper pebbles; quartzite 
and slate pebbles reach eighteen inches in diameter and predominate; 
they have imperfect cleavage with the bedding. The whole are deeply 


weathered to a rust-red, and poorly exposed....ce esses serons 


Feet. 


450 
210 
325 
380 


100 


600 


50 
420 
460 
100 


45 
40 


20 


13 


140 


200 


220 


37173 


The second section is seen well exposed on the East River, between 


the Culton farm and the bend of the river above McKay’s Brook, 
south of the Albion mines. It is also in descending order. 
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SECTION 2. : 
Mrascres ON EAST RIVER ABOVE THE ALBION MINES. Measures, East ao 
Feet. River above 
1. Gray greenish-drab and Indian-red fine grained sandstones, interstratified Albion mince, 
in beds of from one to three feet in thickness.......... cecesecceosses 100 


2. Indian-red compact sandstones, with partings showing many small scales 
of mica. The rock weathers greenish and is much split with cleavage 

RTE TETE ET TELE SET ELEC EEE ELITE CERTES wesccceees 170 

3. Dark Indian-red arenaceous shale.......... sscccccccccccccccccsecnesce 10 
4, Green compact sandstones with micaceous partings, interstratified with 

several bands of fine grained compact red sandstone.........,.,.,,.... 80 


planes...... ess 2090405006 00000066 00605029 


5. Indian-red compact and shaly sandstones in alternations........... so... 140 
6. Red highly calcareous saudstones, which in weathering become mottled with 
patches of greenish-gray... 6000060, CHC GCeeseeaeeeeesnaeaeonsGeeaneaeeaene 230 


%. Chocolate-brown shaly fine grained non-calcareous sandstones........... 16 

8. Red and green sandstones in alternate beds of from five to eight feet thick. 47 

9. Indian-red compact calcareous sandstones.. PITTI STE Te eee 160 
0. Red shaly sandstones. This mass contains several patches or lenticular beds 
of conglomerate with a red argillo-calcareous cement holding green 
quartzite pebbles up to three-quarters of an inch in diameter. The thin 

shaly beds show ripple-mark...... once coccees sou. 25 

11. Sap-green very compact and tough fine grained calcareous sandstone... no... 6 
12. Green and greenish-gray fine grained compact sandstones, much split 

with cleavage pere nee sree ner eee …. 

13. Red compact sandstone.....,.............00. 

14. Greenish compact sandstone....,...,,.,.., soso. ussososucevoossoss 10 

15. Red and greenish sandstones in alternating bands..... seer svcccccccere 40 

16. Red fine grained non-calcareous sandstone, with some shaly beds.......... 315 
17. Whitish-green coarse sandstones, which at the base become very 
coarse and pass into a calcareous eonglomerate varying from two to 
siz inches in thickness with limestone pebbles up to one-third ofan inch 

in diamoter....ccccccncccccccscccccccccces Cocecececesenesccccee 20 


eeoaeeeeseenpeeee@aeads 18 


1800800069 200400002080 45 


1402 


The lower portions of the Millstone Grit hold beds of ferruginous lime- 
stone, their thickness varying, where examined by me, from five to twenty 
feet, the general character of which may be exemplified by that of one 
seen on the East River, just above McKay's Brook. This is a compact white lime- 
limestone of a white colour, mottled with ochre-red argil'aceous patches " 
which weather to a deep chocolate-brown. 

At McKay’s saw-mill, near the New Glasgow and Hopewell road, occur tmpare lime- 
masses of an impure limestone of a deep Indian-red colour, weathering cho- “°° 
colate-brown, mottled with patches of a greenish tinge ; of a coarse light 
greenish-drab rusty-weathering sandstone ; and of a peculiar calcareous 
conglomerate or nodular limestone of a greenish-grey colour, weathering nodular lime- 
brown, the pebbles or nodules of limestone varying from one eighth to “°"” 
one half of an inch in diameter. 

Not far west from New Glasgow there are narrow exposures of strata 
belonging to this formation, but as these are believed to exhibit a want of 


patches 


Fault. 


Largest area of 
Millstone Grit. 


McLeod’s 
Brook. 


Oliver’s mill. 


Synclinals. 


Rocks of Sec- 
tion 1. 


Faults. 
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conformity with the formation which is to follcw they will be more parti- 
cularly alluded to further on. Other exposures occur further to the west 
on the south flank of Waters’s Hill, and on McCulloch’s Brook, and it seems 
probable that these may belong to outlying patches resting on the Devo- 
nian series. 

These apparently isolated portions seem to dip to the south and south- 
west, pointing to the Productive coal measures but a short way in front of 
them, from which, however, they are separated by a great fault, and they 
may have originally belonged to a continuous mass rising from beneath the 
coal measures on the north side of the synclinal in which these are situated. 

Probably derived from such isolated portions of Millstone Grit are many 
boulders of mottled-red and green sandstone found in pits and cuttings 
near the Smoky-town road, and beneath a red drift on the Intercolonial 
Company’s railway, just south of the bridge over Waters’s Brook, a conglom- 
erate of this series is met with holding pebbles of greenish quartzite and 
white quartz. 

By far the largest area occupied by the rocks of this formation, in so far 
as examined, is bounded on the west by the Middle River, on the south by 
the Fox-brook road and extends eastward to the old Hopewell road as far 
as McNaughton’s mill-pond on the upper part of McCulloch’s Brook, and a 
straight line coinciding with a fault which runs N. 33° W. from the 
mill-pond through the village of Westville to a point in the neighbourhood of 
McCulloch’s Brook about one half mile from the Middle River. 

In this area McLeod’s Brook, which joins the Middle River nearly half 
a mile above Alma mills, has a general upward course, somewhat oblique 
to the strike of the strata, of about S. 20° E. as far as Oliver’s mill, a dis- 
tance of two miles and three quarters, crossing the Gairloch road about a 
mile short of this measure. The strata between Alma mills and Oliver’s 
mill appear to be arranged in two synclinal forms, a deep one on the north 
of the Gairloch road bridge, the east and west axis of which would approach 
the Devonian rocks already described, and a shallow one to the south, the 
axis of which may be half way to Oliver’s mill. 

The rocks which have been given in Section 1, form the south rise of 
the north synclinal, where they have a direct transverse breadth of about 
a mile and a quarter, with angles varying from 20° to 43°, and a portion 
of these may be repeated in the south synclinal. The strata exposed at 
Oliver’s mill-dam dip 8. 57° W. < 86°, and appear to be the vertical mea- 
sures of a considerable dislocation, and about a quarter of a mile to the south 
of this mill a great east and west upthrow fault is supposed to run through 
the country, but south of its position the strata of this formation appear to 
constitute the subsoil for a mile and a-half to the Fox-brook road. It is pro- 
bable that these may be lower than the strata of the McLeod’s Brook sec- 
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tion, but whether they are so or not, Section 2, exposed on the East River 
from this dislocation to the turn of the river above McKay’s Brook may be 
considered as representing them wholly or in part. The direct breadth 
, of the strata included in this section is about thirty chains in a bearing 
N. 10° E., with angles of inclination varying from 40° to 60°, the top of 
the exposed section being at the line of the fault which would cross the 
Nova Scotia railway about one and a-half miles south of Cual Mines sta- 
hon. 


8. NEW GLASGOW CONGLOMERATE. 


On the west bank of the East River, at the New Glasgow bridge, New Glasgow 
there is exposed a series of coarse and fine conglomerates with occasional sone’ 
sandstones of colours varying from Indian-red to chocolate-brown. As 
a rule the coarser conglomerates are more common at the bottom, the finer 
at the top; but they both consist of the same materials, with a difference 
only in the size of the pebbles, which in the finer conglomerates do not 
exceed a quarter of an inch in diameter. 


| In the coarser beds however the inclosed masses are of all sizes up to Pebbles from 
three feet in diameter, and they are, with very few exceptions, derived 

from the rocks of the Millstone Grit, those of red sandstone and red 

shale predominating, while with them all the green, greenish-drab, cho- 

colate-brown and mottled grey and brownish sandstones, with calcareous 

conglomerates and nodular and other limestones, have been recognised 

as constituting the mass. The only other pebbles are a few of quartzite Pebbles from, 

and conglomerate of the Devonian rocks. 


These masses are inclosed in an argillo-arenaceous cement, holding a Cslcareous 
ood deal of calcareous matter, which sometimes shews itself as a white 
crystalline calc-spar holding the pebbles together. The colour of the 
cement is an Indian-red, and this has served more or less to tinge the 
whole mass. The sandstones are exemplified by two beds of five feet 
each, of a shaly character and brick-red colour, which are seen at a dis- 
tance of seventy and 120 feet respectively from the base of the section ; 
but thinner lenticular masses and partings of red and dark-brown colours 
are common. 


These rocks are visible along the margin of the river for a distance of Breadth new 

300 yards, with a direct breadth across the stratification of 610 feet, with Glasgow bridge 
a general dip of N. 10° W. < 85° — 50°, giving a thickness of 450 
feet ; but on the opposite side, as you are aware, similar rocks stretch much 
farther down the river and greatly augment the volume of the formation to 


which the locality has served to give a name. 
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are due and I would especially acknowledge my obligations to the | 


following gentlemen, for the information they have so freely given me: 

Mr. H. Crosskill, Assistant Provincial Secretary ; Mr. Avard Longley , 
Chief Commissioner of Railways of the Province; Mr. J. Rutherford, 
M.E., Provincia] Inspector of Mines ; Mr. W. A. Hendry, Deputy Com- 
missioner of Crown Lands; Mr. James Hudson, M.E., Chief Manager 
General Mining Association of London ; Mr. Jesse Hoyt, General Agent 
of the Acadia Coal Company of New York, U. S.; Mr. James Dunn, 
General Agent of the Intercolonial Company of Montreal; Mr. Truman 
French, Agent of the Nova Scotia Coal Company; Mr. J. P. Lawson, 
Mining Engineer, New Glasgow; Mr. J. B. Moore, Contractor for the In- 
tercolonial Coal Company’s railway; Messrs. Hanning, Civil Engineers, 
in charge of the construction of the same railway; Mr. William Barnes, 
Mining Engineer of Halifax; Mr. R. G. Haliburton, Col. R. B. Sinclair, 
Mr. L. R. Kirby, of Halifax; Mr. Daniels, of Pictou Mining Company ; 
Mr. W.B. Leather, C. E., of New Glasgow; Mr. A. P. Ross, of Pictou ; 
. and Mr. J. Weir, of Pine-tree Brook. 

Especial attention is called to the kindness of Messrs. Hudson, 
Hoyt and Dunn. Atthe Albion mines I have not only had Mr. Hudson’s 
permission to examine and copy many valuable records and drawings, but 
he has presented the Survey with complete copies of his extensive under- 
ground plans, copies of drawings and specifications of machinery, and 
of private surveys made for the General Mining Association. By his 
permission, most satisfactory information was given me in my examination 
of the machinery by Mr. Thomas Blenkinsop, engineer, and of the under- 
ground work by Mr. William Hall, underviewer, and both of these 
gentlemen I would especially compliment on their admirable management 
of the works under their charge. I would also remark that to the skill 
of Mr. Thomas Rutledge, of the same company, we are indebted for the 
admirable set of drawings presented by Mr. Hudson. 

At the Acadia collieries also, I have been allowed by Mr. Hoyt full 
access to the company’s records and plans, and am indebted to him for the 
aid of men, and for much verbal information useful in my survey. Infor- 
mation concerning machinery and underground work, has been freely 
supplied by Mr. William Blacker, general overman, as also much inform- 
ation of a general character. I would also acknowledge courtesies 
of a general character received from Mr. J. W. Clendenning of New York, 
President of the Acadia Coal Company, who was kind enough to allow me 
office room in the company’s building. In the examination of the Inter- 
colonial Company’s works and area, I have been materially aided by the 

courtesy of Mr. Dunn, who furnished plans, records and information. 
By his instruction, Mr. James Wilkes, underviewer, and Mr. Joseph 
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Richardson, underground overman, have also given me full information 
concerning machinery and underground work. [ have also been assisted 
hy plans of the railwaye by Mr. Moore, and a record of pits and berings 





by Mr. Barnes. 

The area examined is included between the East and Midile Rivers of Aresexamined- = “ova 
Pictou, and extends laterally from the Conglomerate ridge, a prolongation RS 
of Fraser’s Mountain on the north of New Glasgow, to the Fox-brook road rc 
hetween Coal Mines and Hopewell villages. The rocks observed may be ae 
included under the following heads : oe oo 

1. Pre-Carboniferous. Rocks observed aie 

2. Millstone Grit. are 

3. New Glasgow conglomerate. re 

4. Productive coal measures. he 


These rocks I now propose to describe, and will then treat of their 
‘istribution in this region. 

1. PRE-CARBONIFEROUS. Pre-carbonife- 

Between the East and Middle Rivers, on the northern ridge, there 
appears aseries of metamorphic rocks, unconformable to the overlying Car- ' 
boniferous, consisting of quartsites, felsites, altered slates, and conglome- 
rates, in which I could find no distinguishing fossils. This series has or. J. w.Daw- 
however been observed by Dr. J. W. Dawson, and in his Acadian “” 

Geology he states that they are “ probably of Devonian age.” * 

Some of these masses are quartzites, extremely tough and compact, of Quartsites. 
colours varying from dark sap-green to blackish-green, and weathering 
to a rust-brown. Others are quartzites of similar colours, weather 
opaque yellowish-white, and appear quite free from iron; while others 
stll are of a dark olive-green, and weather to a very dark blackish-brown. 

Felsites varying from pistachio-green to olive-green, and weathering Felsites. 
deeply to a rust-brown, are also found. These appear to be brecciated 
wherever met with, and although compact are always much shattered. 

A large portion of the rocks consist of altered slates, ranging in colour Altered alstes. 
from dark olive-green to dull greenish-grey, and weathering from an 
opaque white to a rust-brown. It is difficult, in many cases, to distinguish 
between the slates and quartzites ; in fact they seem to pass into each other 
by imperceptible gradations. 

Two descriptions of conglomerate, and possibly a third, are associated Conglomerates. 
with the series. The first is one in which both cement and pebbles are 
of a greenish-gray colour, and so nearly alike in hardness that in breaking 
a mass the pebbles and matrix are fractured evenly across. This rock is 


* Acadiac Geology, p. 319 of second edition. 
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. H. Crosskill, Assistant Provincial Secretary ; Mr. Avard Longley, 
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Provincia] Inspector of Mines ; Mr. W. A. Hendry, Deputy Com- 
ner of Crown Lands; Mr. James Hudson, M.E., Chief Manager 
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ivate surveys made for the General Mining Association. By his 
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Richardson, underground overman, have also given me full information 
concerning machinery and underground work. Î have also been assisted 
by plans of the railways by Mr. Moore, and a record of pits and borings 
by Mr. Barnes. 
The area examined is included between the East and Midile Rivers of Atesexamined. 
Pictou, and extends laterally from the Conglomerate ridge, a prolongation 
of Fraser’s Mountain on the north of New Glasgow, to the Fox-brook road 
between Coal Mines and Hopewell villages. The rocks observed may be 
included under the following heads: 
1. Pre-Carboniferous. Rocks observed 
2. Millstone Grit. 
3. New Glasgow conglomerate. 
4. Productive coal measures. 
These rocks I now propose to describe, and will then treat of their 
distribution in this region. 
1. PRE-CARBONIFEROUS. Pre-carbonife- 


Between the East and Middle Rivers, on the northern ridge, there 
appears aseries of metamorphic rocks, unconformable to the overlying Car- 
boniferous, consisting of quartzites, felsites, altered slates, and conglome- 
rates, in which I could find no distinguishing fossils. This series has pr. J. w.Daw- 
however been observed by Dr. J. W. Dawson, and in his Acadian *” 
Geology he states that they are “ probably of Devonian age.” * 


Some of these masses are quartzites, extremely tough and compact, of Quartzites. 
colours varying from dark sap-green to blackish-green, and weathering 
to a rust-brown. Others are quartzites of similar colours, weather 
opaque yellowish-white, and appear quite free from iron; while others 
still are of a dark olive-green, and weather to a very dark blackish-brown. 

Felsites varying from pistachio-green to olive-green, and weathering Felsites. 
deeply to a rust-brown, are also found. These appear to be brecciated 
wherever met with, and although compact are always much shattered. 

A large portion of the rocks consist of altered slates, ranging in colour Altered elstes. 
from dark olive-green to dull greenish-grey, and weathering from an 
opaque white to a rust-brown. It is difficult, in many cases, to distinguish 
between the slates and quartzites ; in fact they seem to pass into each other 
by imperceptible gradations. 

Two descriptions of conglomerate, and possibly a third, are associated Conglomerates. 
with the series. The first is one in which both cement and pebbles are 
of a greenish-gray colour, and so nearly alike in hardness that in breaking 
a mass the pebbles and matrix are fractured evenly across. This rock is 


* Acadian Geology, p. 319 of second edition. 
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Purvis seam. 


45. 


Coal coarse and impure; it increases to five feet six inches 
one mile West ccccccccccscrsccccecsscesseseccece Sousse 


. Underclay with Stigmaria, a light colored fireclay. ......... 
. Compact gray sandstone......,,... 00 soso se 
. Fireclay ........ TTT ressens errr eT Tr eee reer re 
. Hard sandstone..........., sos cece sors cscces tore 
. Fireclay ....csccccsccccccscccccescccseveveeevacseneces 
. Blue (bluish-gray) fireclay... ...ccccccccccecovess soso 
. Compact sandstone ...0 cccccvcccccacccccssccesccccccces 
. Blue fireclay ....... PPT ICI TITI IP ET ET PT IEP EE TETE TEE 
. Compact sandstone ...,...,.,.,. uso so scscsvensace 
. Shale. cc ccccccccscce vescsccvecceercceccsccccesecesece 
. Fireclay 0000000000 00000000 000000000000 086 
. Compact sandstone...crccsccccccsccsccvcesccscessesvces 
. Fireclay....cccccscsacccvccscvcccsscenccscccses csorsoes 
. Measures anknown.......,. 0. ones cesse sosuve 
. Black argillaceous shale.........cccccsccccvosssevcvevences 
. Fireclay mixed with coal (2) ..c.cccccccecere sono ose 
- Fireclay with Stigmaria....cccccccesscsccscccescssessers 
63. 


Bluish-gray flaggy sandstone.. 0800009 00 000000007605 


64. Fireclay 66290 8%09%90000e8a06009 09000029 520000800000 00000e 


65. 


68. 
67, 
68, 


Gray sandstone... .sccccesccreressenccresescscevccccvers 
Fireclay...ccccccsscce cseee cocvcccccenccsossevcsccces 
Black shale® .... -ccccccevccccccccccrsccsvecescscenres 
Measures unknown : from poor exposures they are believed 
to be fireclays and thin beds of sandstone, generally of a 
Yellowish-drab or brown color..ce.cercscscccccnccccces 


Fleming seam. 


69. 
70. 


Coal of a fair quality. ccccccccmossccrevecsescccassecene 
Black carbonaceous sbale .... 060000008000 00000205008 89%. 


McGregor seam. 


81. 
82. 
83. 
84, 


Upper coal. 


. Good coal. First Bench... ccccccccccccvecatecescevevcece 
. Dark brown arenaceous fireclay parting..........,. soveces 
. Good coal. Second Benches cccccacccccccccsecesvesace 


Bottom coal. 


. Impure Coal... .cccccccsccrccceccscccccccevevssecnccses 
« Good coal.... ss soso: ccversccccecenessrecenseceseenn 
. Impure coal...... ses sovo conso sousensenese 
. Black carbonaceous shale .,....... ose sooseooce 
» Good coal.. ss .osro sors seen osemenosveesoo ous 


80. 


Measure unknown, said to contain an impure coul seam of con- 

siderable thickness, not opened...,........ssoesesoveee 
Sandstone........see.rse PET E SET Terr er Tor TES EETE 
Brown Greclay and brown carbonaceous shale.........,... 
Black highly carbonaceous very compact sbale.......,..,.., 


* Noe. 41—67 are reduced from trial pits Nos. 1 and 2. 
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cleavage planes ......csesssesesessee sees = 3 
ght brownish or rust colored fine grained soft sandstone, 
with false bedding and cleavage joints...... 5 
ght brown sandstone of a similar character, partially con- 
cealed .....+.6 8 





Ft. In. 
5 0 
15 2 
ll © 
110 6 
2 0 
75 0 
10 0 
58 0 
0 6 
35 0 
0 6 
39 0 





—90 are reduced from records. Nos, 91—120 are taken from exposures. 
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Ft, In. Ft. In. 


Seam F'. 
112. Impure coal seen at the crop, and from the width of the crop 


113. Brownish-yellow arenaceous underclay with Stigmaria, passing 
downwards into a soft crumbling sandstone of the same 


colour....; °91®e.essucsces 00e... euros eumeus 9 0 


Seam G 


114. Coal not proved, estimated at... 2.200 sce se sesencees . 2 0 


© 


115. Measures partly concealed, apparently yellowish fireclays.... 13 
116. Measures concealed ; the drift stows the wash of a coal seam. 11 0 
11%. Measures concealed, including two very indistinct crops of 

coal seams of small size........... ss. eocree 72 G 
118. Brownish-yellow crumbling arenaceous fireclay with Stig- 

maria, immediately overlaid with a little coal wash, as if 

of a coal seam of an inch or two in thickness........... s 1 0 
119. Dall claret-red sandstone, very compact and fine grained.... 7 0 
120. Brownish coarse grained sandstones and arenaceous fireclays 

alternating with one another, badly exposed, estimated at.. 40 0 





No single section or column can be given which will fairly represent the 
measures of the entire coal field, as very considerable changes occur in the 
character and size of the coal seams, and changes of a remarkable character 
are seen throughout the field in the rocks. Special descriptions of the 
coal seams at the different colleries, with one or two pit sections, will illus- 
trate this. Perhaps the most remarkable instance in this coal field of a 
complete change in the character of the measures is that which occurs in the 
400 feet of strata immediately overlying the Main seam, between the Foord 
pits near the East River and the Forster pit, about a mile to the 
west. At the Foord pits, as will be seen by reference to the general 
section, the Main seam is overlaid by upwards 1,000 feet of black and 
brown shaies, the lower portion of which is principally carbonaceous. 
Tracing this mass of black shales west, on Coal Brook we find the shales 
less carbonaceous, and many interstratified bands of clay iron-stone are 
included in the lower portion ; at the Dalhousie pits, they are the same, 
with some arenaceous black shales included ; and on the Forster pit railway, 
some very thin bedded, light drab sandstones become interstratified. No 
exposures exist between the Dalhousie and Forster pits, but as we go west 
we may trace, by means of the rocks brought into the underground work- 
ing by a crush, a gradation from argillaceous black shales and iron-stones, 
through arenaceous black shales and arenaceous light coloured shales with 


* Between the Deep and McGregor seams there are but few natural exposures, and as neither the 
Third nor Purvis seams are open at the present time, the gereral thicknesses as given, are liable to 
alteration on future explorations. 


Horizontal 

ch=nges in mea- 
sures and coal 
seains, 


Changes be- 
tween Foord & 
Forster pits, 
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aaceous partings, to thin bedded sandstones with similar black 
rgillaceous partings ; while at the Forster pit we find the 
scending section, including many feet of compact sandstone, 
ure white colour. 


SEOTION 5. 
MEASURES INTERSECTED IN THS FORSTER PIT. 
ft, In. 





Tey sandstone, the post of the miners. 
‘ish drab fireclay varying to brown, 
argillaceous shale . 








srownish-grey shaly sandstone, passing into argillo- 
maceous shale holding calcareous matter; it weathers 









grey argillaceous shale wee 2 8 
srey sandstones and shales similar to 2 
sandstone, sometimes shaly, often compact, In beds of 
a three to four inches. The shaly portions have some 
ick carbonaceous partings . weed 
srownish-grey sandstones and shales similar to 6. 
semi-carbonaceous shale 
carbonaceous shale 
brownish argillo-arenaceous shales, They are com- 
sed of interstratified layers of black and white arenaceous 
ales, very thin and loosely bedded. They are strongly 
Ieareous, and in similar shales in other parts of the field, 
have seen small lenticular masses of pure white lime- 
one up to an eighth of an inch in thickness and three or 
ar inches in length... . 93 
carbonaceous shale, the black bat of the mine: 
grey argillo-calcareous shale, containing a great deal 
iron. It weathers to a very bright iron-red on surfaces 
deposition, and rust-brown on fractures. Some 


rilons of this mass may prove & worksble ironstone... 540 
— ok 11 
















2 
core» 


> 














& brown arenaceous fireclay parting . 
d'conl................ 
& brown arenaceous firecla; 
d coal. This part is worked. 





36 10 





48 9 
Juctive coal measures in the district under consideration are 
‘tween two great upthrow faults on the north and south sides, 
‘e limited on the west by a third. These faults have already 
ntally alluded to in the description given of the distribution of 
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the lower rocks. One of the dislocations, to which you have given the 
name of the North fault, passes through the town of New Glasgow, where, North fauit. 
on the west side of the river, it brings the lower portion of the coal mea- 
sures against a small area of Millstone Grit deposits, just at the base of the 
New Glasgow conglomerate. Thence it passes in a course of S. 88° W. 
near to the north-west corner of the General Mining Association’s area, in 
which vicinity it tarns more to the south-west, and from the Smoky-town 
road to the Middle River its course is about 8S. 72° W. In this bearing, 
to withm a mile of the Middle River, it brings the Devonian series, with out- 
lying patches of Millstone Grit, against the coal measures, but farther on ita 
effect is diminished by the fault forming the western boundary of the 
coal field. This disturbance it is proposed to designate as the West fault. West faut. 
The general course of this dislocation, and its position, as well as the 
poeition of the great southern upthrow which you have named the South Soutb fault. 
fault, have been indicated in the description of the limits of the principal 
areas of Millstone Grit. 
Within these boundary lines the coal measures are arranged in two 
synclinal forms, the axes of which, about a mile apart, run in a general 
east and west direction. The first and larger of these will be designated 
the Albion synclinal. It has perhaps a subordinate undulation near its Albion syncli- 
centre, but the exposures which would seem to indicate this may be ” 
| brought into place by a considerable fault known to exist in their vicinity. 
The Albion synclinal extends laterally from the town of New Glasgow to 
the Albion and Acadia (Fraser) mines, near the East River ; and to the 
south of this is the second trough, to which will be given the name of the 
Bear-creek synclinal. Both of these are limited at their western ends by 
the West fault, and while the area of the workable coal in the Bear-creek Rear-creek syn- 
synclinal is limited to the east by a dislocation, probably not throwing out 
the lower portion of the coal measures entirely, the Albion synclinal* 
extends eastward across the East River, beyond the region of my exami- 
nation. 

The only important group of coal seams included in the measures on the Albion group of 
west side of the river, is that of the general section (Section 4), and as these —" 
seams have been most extensively worked, and are therefore best known 
at the Albion mines near the East River, it would seem best to take these 
workings as a starting point in describing the general distribution of the Distribution. 


Up. 
From the oldest workings on the west bank of the Little branch of the Out-crop of 
East River the out-crop of the Main seam, which in these workings has a ved 
| dipof N. 22°—80° E. (or N. 45°—58° E. Magnetic) <18°—28°, crosses 





* This is the Middle synclinal, and the subordinate undulation gives the North synclinal 
of the previous Report. 
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he East River, and curving slightly south-eastward enters the area of 
he Pictou Mining Company. About halfa-mile in a bearing S. 70° E. 
rom the west bank, a slope was sunk by the company mentioned upon the 
Main seam ; but the coal proving of inferior quality the workings have 
een abandoned. The dip is here N. 85° E. <19°, and a section of the 
eam as taken by Mr. Thomas Lawther when in charge of the mine as over- 
san, and given me by him is as follows :— 















Sbaly coal, known as strong coal by the miners. 2 0 
Coal and black carbonaceous shale. 80 
Shaly Goal... 2 0 
Black carbonaceous shale, with coaly matter in the partings 10 0 
Shaly coal, worked. en 10 
Good coal, worked 2 0 
Shaly coal, worked 10 
Poor coal, not worked, about...... 12 0 

38 0 


About twenty-eight chains from the slope, in the bearing S. 73° E. and 
08 yards from the crop across the strike of the strata, which is here S. 
5° E., a pit was sunk 350 feet to the top of the Main seam, and a few 
ret into the coal, which proved of inferior quality, in consequence of 
hich, after boring through the seam, this shaft also was abandoned. As 
1e strata sunk through in this pit shew a change in the character of the 
ieasures between this point and the Foord pits, equally remarkable with 
rat between the Foord and Forster pits, the following section is given 
‘ter an examination 6f the pit débris in company with Mr. Lawther, who 
ad charge of the sinking, and has furnished the record of the thicknesses 
the different beds :— 

SECTION 5. 


‘MBASURES INTERSECTED IN THE Picrou Mixing Company's PIT ON THE MAIN SEAM, 
Grant's FARM. 
Ft. In. 


Black carbonaceous and argillaceous shales in alternating bands ; the only 
fossil observed is Cordaites borassifolia. ses. 94 0 
Dark gray sandstone alternating with white arenaceons shales having 
black carbonaceous partings, and showing many indeterminate car- 
bonised plants ; in some beds the partings exhibit ripple-marks. In 
weathering, the arenaceous shales do not change their colour, while 
the sandstones weather different shades of gray, throngh brownish- 
gray to dark brown, some bands shewing a reddish tinge, The 
‘whole mass contains occasional thin bands of clay ironstone. 
Black argillaceous shale... ER 
Dark gray close grained sandstones with white arenaceous shales si 
to the second bed of the section ; near the middle of the mass a band 
of dark gray sandstone was sunk through of an exceedingly close 
grain which weathers to a dull orange-drab........,..,........ 87 © 
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Ft. In 

Black carbonaceous shale.... sce ccccasceccccncseonesven cece or ceeees 7 0 
Dark gray heavy bedded sandstone interstratified with dark gray shaly 

sandstone having some black carbonaceous partings.............e 14 0 

Black argillaceous shale.....ccccccc cece ce cnascccnveescescccecvecesse 1 0 
Muin Seam. Fi. In. 
Coarsely laminated coal, known as coarse coal by the miners 2 5 
Dark gray fireclay full of Stigmaria..... PPPPE TETE TITI TETE 2 10 
Shaly ccal and black carbonaceous sbale,....,.........4. 9 6 
Coarse conl........s.ssosssusses sucer co osvesessoneses 1 7 
Dark gray fireclay with Stigmaria..... Pe ences cen mouse 2 4 
Bad coal, bored through.........ecsee osent veccocns 6 7 
Dark fireclay, bored through. ....ccsscecseccccessseccecs 3 0 

28 3 

340 3 


Immediately to the rise of this shaft a trial-pit has been sunk on the 
crop of the Main seam, but beyond this the seam has not been traced 
southward. In a few chains however it is probably thrown considerably 
to the eastward by a fault having an east and west bearing and producing 
an upthrow on the south side. To the south of this fault one coal seam 
only is known ; it is on the land of Mr. Donald McLeod, and with a thick- 
ness of eight feet, strikes S. 15° E., the dip being eastward at a moderate 
angle, but it is not at present known what coal seam of Section 4 this one 
represents. The dislocation which brings it into place will be designated 
as the McLeod fault. | 

In the triangular area between the crop of the Mhin seam and the dislo- 
cation just mentioned, bounded to the west by the East River, only one seam 
has been opened. It is the Deep or second seam of the Albion group, on 
the crop of which a trial-pit was sunk by the Pictou Mining Company; but 
the coal is said to be of very poor quality. 

The crop of a seam underlying this is seen on the east side of the Spring- 
ville road, in a small stream crossing the road about half-a-mile to the 
south of the crop of the Main seam, but its position in the coal series 
cannot be stated with certainty at present, as it lies to the south of the 
McLeod fault. Beyond this disturbance the measures are supposed to 
turn slightly to the west of south, and then again curving round toa south- 
eastward strike, they will, if not lost on some dislocation as yet unknown, 
be finally cut off by the great South upthrow fault of McGregor’s Moun- 
tain. The westward curve of these measures shows the existence of a 
shallow synclinal on the eastern prolongation of the axis of the Bear- 
creek synclinal* presently to be described. 





* This synclinal appears to correspond with the South synclinal of the previous Report. 


The McLeod 
fault. 


McLeod scam, 


Deep seam. 


Coal ream. 


South fault. 


Bear-creek 
synclinal. 
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> the west side of the East River, the workable seams from 
McGregor are known near the river bank. The underground 
> Albion mines prove the exact position of the Main and 
r about one mile and a quarter west from the earliest work- 
8, now known asthe Burnt mines, the strike and the angle 
> regular to the Dalhousie and Cage pits, where the dip is 
10° at the crop of the Main and Deep seams in the bed of 
thence the line of the crops of these seams turns to a more 
>, the dip at the crop of the Main seam to the rise of the 
ng about N.<30°. Farther west the strike curves slightly 
westward, while the angle of inclination is considerably 
ipat the McKenzie pit on the Deep seam near McCulloch’s 
Ÿ. 28° W.<15°. 

snd Purvis seams are known near the river by trial-pits sunk 
Coal Company, and to the west nearly as far as McCulloch’s 
Third seam slope near the north line of the Fraser area, 
ins from the north-west corner-post ; and by the Purvis pit 
ide of the old post road to the Middle River, about twenty- 
tward of the McKenzie pit. 

1gor seam has been traced from its out-crop on the bank of 
r about 115 chains west by trial-pits and the workings of the 
liery, and @ crop on McCulloch’s Brook is believed to show 
the seam still farther west. | 

ctensive working of the Oil-coal or Stellar seam is from the 
F the Acadia Coal Company, near the crossing of that com- 
"on Coal Brook, from which opening its crop is known east- 
it near the New Glasgow and Hopewell road, about forty-five 
e the out-crop of this seam approaches the run of the dislo- 
1as been called the McLeod fault, and it is probable that it 
ed much farther in a south-east direction. To the west of 
ne the course of this seam has been proved to the Stellar 
oal slope on the east bank of McCulloch’s Brook, where it 
?, shewing this position to be near the axis of the anticlinal 
Ibion and Bear-creek troughs. The seams and the associated 
:hare placed below the Stellar in Section 4 are seen only on 
val Company’s railway, the lowest appearing in the railway 
i twenty-five chains eastward from the McCulloch’s Brook 
Jiately to the south of which exposures runs the McLeod 
; up still lower rocks. Their position in the Carboniferous 
t not accurately known. , 

tance to the west of McCulloch’s Brook, and nearly parallel 
> from the Stellar mine to the McKenzie pit, a considerable 


REPORT OF MR. EDWARD HARTLEY. 71 


dislocation exists, having a run 8. 22° E, with a western downthrow; the 
extent of this is not exactly known, but it would appear to be about 1600 
| feet where the crops of the Albion group of seams are lost. This dislocation 
will be called the McCulloch-brook fault. A short distance to the south McCalloch- 
of the Stellar mine the break im this fault is considerably increased by 
that of the McLeod fault. It has already been observed that the measures 
to the south of the McLeod fault have not been sufficiently examined 
to enable their horizon to be stated with certainty, and but few exposures 
exist between this fault and the great South fault; the rocks however, 
where seon, appear to be light drab and reddish-grey sandstones with 
many thin beds of black flaky fireclay, some of thé sandstones weather- 
ing to a deep Indian-red, somewhat resembling the red sandstones of the EedSandstones. 
Millstone Grit series. The general aspect of these strata, however, is not 
precisely like any mass of rock known to belong to that series, and as the 
lowest portion of the strata in question, where exposed near the East River, 
have a resemblance to some beds of yellowish-white sandstone seen on the 
right bank of the river below New Glasgow bridge, in geological position Geological 
immediately overlying the New Glasgow conglomerate, we may provision- 
ally consider the rocks in these two places as occupying a proximate horizon, 
namely that of measures between the conglomerate and the workable coal 
seams. 

Between the two bounding faults these strata are arranged in a shallow 
synclinal form corresponding with that to which, as you have informed me, 
you have given the name of the South synclinal on the east side, and the 
same as that designated by me as the Bear-creek synclinal on the west side 
of the East River. 

The McCulloch-brook fault cuts off the crop of the Main seam near Break in Main 
a small water run, a few chains to the west of McCulloch's Brook. On 
the down-throw side of the break the general dip of the measures is changed 
but little near this point, but on proceeding south we find near the south- 
eastern portion of the Carmichael area of the Acadia Coal Company 
that the strata pass over an anticlinal, the dip becoming flat, and 
then southerly, while in the centre ofthe eastern portion of the Bear- 
creek area of the Intercolonial Coal Company the measures again 
flatten, and finally assume a northcrly dip as we go south. The anticlinal 
near the south line of the Carmichael area is the continuation westward of 
the form on the north dip of which the Albion mines are situated, while the 
synclinal is in continuation of your South synclinal, and is the form to 
which I have given the name of the Bear-creek synclinal. 

The strata which are brought up by the fault against the Main seam of 
the Albion mines are believed to represent a series of black shales above 


the Three and a-half feet seam at the summit of Section 4, which have been fos seam. P 
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observed elsewhere only to the east of the East River on Potter’s Brook. 
The angles of inclination to the west of the fault are not sufficient to bring 
the Main seam and those below it to the surface, and therefore in tracing 
the McCulloch-brook fault to the south-eastward, out-crops of these seams do 
not appear until the south rise of the Bear-creek synclinal is reached, 
where they are supposed to leave the fault with a westerly strike. The 
exact line of this fault is not known on the No. 8 area of the Acadia Coal 
Company, which lies to the south of the Fraser area, but it is believed to 
continue in the general course of S. 22° E., which it is known to have near 
the Stellar mine. 

On the No. 8 area the black shales overlying the Main seam have been 
proved by a few trial-pits, but no coal seam has been found between the 
McCulloch-brook fault and the stream itself on the south rise of the Bear- 
creek synclinal. On this brook, on the Culton area of Messrs. Sinclair and 
Haliburton, about six chains south of the north line of the area, an opening 

Culton seam. has been made upon a coal seam locally known as the Cultonseam. Here 
the dip is N.15° W. < 15°, which is about the direction of the adit or slope 
upon the seam, which, according to Mr. Joseph Richardson, who was in 
charge of the prospecting here, was but two inches in thickness at the out- 
crop, increasing in forty-five feet to three and a-half feet of very good 
coal.’ To the dip of this slope, in a position not now accurately known, a 
bore was put down upon this seam, which Mr. Haliburton informs me proved 

Six feet thick. its thickness to be six feet, the coal being of very good quality. This seam 
at the Culton adit, as the slope was called, was directly overlaid by a thin 
band of highly carbonaceous black shale, known as ot! bat by the miners, 
and then by a band, about six inches in thickness, of black carbonaceous 

Fossils. shale, full of Spirorbis and Cythere shells. In the remains from the slope 
numerous fossils were found, among which may be mentioned well preserved 
teeth, spines and scales of Diplodus, with Cordaites borassifolia and im- 
pressions of Lepidodendron, Antholites and Cardiocarpus, not specifically 
determined. 

A large number of pits and bore-holes have been sunk in the great mass 
of black carbonaceous and argillaceous shales which overlie this seam by 
Messrs. Sinclair and Haliburton and the Intercolonial Coal Company, but 
no seam of coal has been found. This, together with the fact that it is shewn 
by the general structure to be in all probability the Acadia seam presently 
to be described, which again I believe to represent the Main, leads me to 

Equivalence of the supposition that the Culton seam is the representative of the Main 

culton seam Seam of the Albion mines, its small size being partly due to the presence of à 
fault known to exist in the Culton adit, though there may also be a thinning 
of the seam in this direction. 

One underlying seam is said to have been proved, but of its size, char- 
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en kept, though I am informed by a work- 


wre in which it was found that twelve feet of Tweive tect 


Il lower seams may crop out in the interval 
à fault, but no exposures of coal are seen, 
y deep (its thickness occasionally reaching 
sw attempts have been made to find them, 
ways resulting in failure. 
it a few yards to the westward of the Cul- 
ture would lead us to expect that at about 
8 crop would come against the West fault ; 
by Messrs. Biirkner and Ellershausen, 
1, and two feet of a seam were found in the 
m which was undoubtedly the West fault. 
ad of the Bear-creek synclinal the out-crops 
West fault until, at about thirty-six chains 
the bearing N. 88° W. from Messrs. Bürkner and Ellershausen’s pit, 
large seam of coal is found in trial-pits sunk by Mr. W. Barnes for the 
tercolonial Coal Company, which is known locally as the Acadia seam, 
d which is in all probability the representative of that of the Culton adit. 
e out-crop of this seam leaves the West fault with a general dip of S. 
® E. about 400 yards south of the slopes at the Drummond colliery, and 
es gradually north and to the west of north on the anticlinal between 
Bear-creek and Albion troughs, till the southern line of the Acadia 
pany’s Carmichael area is reached. Thus far its crop has been accur- 
ly ascertained by crop trial-pits and the underground workings from the 
mmond colliery. At this colliery the dip is E. (or S. 67° E. Magnetic) 
16° at the surface, the dip at the north line of the area being about N. E. 
d the strike N. 41° W. (N. 18° W., Magnetic) is preserved across the 
michael (Acadia) area with great regularity as proved by the under- 
levels from the Acadia (west) colliery, where the dip is N. 49° E. 
0° near the surface. Thence it is traced by pits to the Nova Scotia 
Company’s slope were the dip is N. 42° E <28°. Here the strike 
more to the west foreighteen chains, which is the distance that it has 
en accurately traced. A short distance farther this strike will intersect 
West fault, and the seam will be again concealed. This seam of coal 
about eighteen feet in thickness at the Intercolonial, Acadia and Nova 
tia collieries.* 



















uced in thickness and changed in character, but still furnishing an 





* Sections of this seam at different points will be found included in the descriptions of 
collieries. . 
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As has already been stated it would seem most probable that this seam Seam equiva 
the representative of the Main seam of the Albion mines, somewhat scam. 
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excellent quality of coal. Opinions have differed very much as to which 
of the lower seams it should be identified with, many miners advocating 
identification with the Deep or the McGregor seam. Many reasons exist for 
supposing it to be the Main, and I consider that the following facts will 
remove all doubts on this subject : 

By reference to Section 4 it will be seen that the greatest mass of barren 
measures between the Main and McGregor seams consists of the strata 
between the Main and Deep seams, amounting to rather more than 148 
feet, while above the Main seam barren measures exist amounting to over 
1100 feet. Numerous trial-pits have been sunk on the measures overlying 
the Acadia seam, in which no trace of coal has been found to my knowledge, © 
and a bore-hole bas been sunk to the Acadia seam about fifteen chains | 
from the Drummond colliery in a bearing 8. 67° E. by Mr. Barnes, which, | 
according to his record, proved barren black shale directly overlying the | 
seam to a thickness of about 170 feet at right angles to the plane of the strata. 
These shales as seen in the Drummond colliery air-pit are remarkably like 
the black carbonaceous shale from the Foord pit at the Albion mines. The | 
six inches of shale immediately overlying the seam at the Drummond 
colliery contains, Spirorbis and Cythere shells, Antholites, Lepidodendron, 
Cordaites borassifolia, and markings which I am informed by Dr. J. W. 
Dawson are Lepidostrobus. 

At the Acadia colliery no records exist for an accurate section of the | 
strata. A short section as furnished by the record of the air-pit is given 
in the description of the colliery, and above this the measures obtained in 
the railway cuttings and in a number of pits sunk on Red Brook running 
north-east from the colliery appear to consist of black argillaceous shales, 
with some thin bands of bluish-grey argillaceous and white arenaceous 
shales having black carbonaceous partings, the white shales being 
in beds of from one twentieth to one fortieth of an inch in thickness. 
Farther west the measures directly overlying the Nova Scotia Coal Com- 
pany’s slope appear to be very thin bedded black arenaceous shales, with 
bands of carbonaceous and argillaceous black shale. 

A second seam has been found underlying the Acadia seam at about 
160 feet, which probably represents the Deep seam of the Albion mines ; 
also a third which I believe to represent the Third seam of the Albion 
group. A fourth is reported, but of this no record can be obtained. 

The crops of the Second and Third seams run nearly parallel with that — 
of the Acadia seam. The Second has been proved on the areas of the three — 
companies working the Acadia seam, and is said to be about twelve feet in | 
thickness, of which eight feet are reported to be good coal. The coal from 
this seam which I have examined, however, is coarse and shaly with about 


80 per cent. of ash; but the specimens not having been taken from the © 
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scam by myself, I cannot state that they fairly represent the entire 
tench of eight feet. The crop of the Third seam, being quite near the 
West fault, will probably be confined to a short run on the Intercolonial 
and Acadia (Carmichael) areas. 

| Continuing the course of the West fault north-westward we find no fur- 
| ther appearances of the lower coal seams along the western boundary of the 
| coal field, the structure indicating the deepening of the coal measure 
truugh, and that the higher rocks are brought against the Millstone Grit 
series on the west side of the West fault until we approach the North fault. 
The position of the intersection of these dislocations is approximately shown 
on the map, but farther explorations may induce alterations. 

Toe boundary of the coal field now becomes the North fault ; and tracing 
this east, we find the altered Devonian rocks brought against barren coal 
measures, probably representing the black shales, with no appearance of 
the lower seams until the Sutherland and the Montreal and Pictou areas are 
reached, when the outcrops of at least a portion of the lower group of coal 
seams leave the fault in a north and south transverse swell on the north 
rise of the Albion synclinal, the curve of these crops corresponding in some 
decree with the opposite curve in the crops of the Albion group of seams 
on the south rise of the trough. 

B2fore reaching the East River the out-crops turn back towards thefault, 
and meeting it at nearly a right angle, are not again seen in the region 
examined. The small extent of surface over which these seams can be 
observed, the almost entire absence of exposures,and the change in the char- 
acter of both seams and including measures, combined with the 
high angles of dip and sharp turns in the strata, as seen on 
the banks of the East River, render the identification of coal seams here 
with those of Section 4 at the Albion mines, a matter of extreme difficulty. 
The region for some distance from the great North fault is also much 
disturbed by minor dislocations, and none of the coal seams have been suffi- 
ciently opened to show their characters when in an undisturbed position. 

At present the only obtainable facts with regard to the seams at this 
point are in the records of the Montreal and Pictou Coal Company’s trial 
and working~pita, a record of borings made for the Intercolonial Coal Com- 
pany on the Sutherland area, and such verbal information as Mr. Halibur- 
ton, managing director of the Montreal and Pictou Company, has been able 
to give me concerning the underground work done by that company. The 
exposures on the banks of the East River give the structure of the eastern 
side of the tranverse elevation ; the Montreal and Pictou pit gives the south 
aide and turn of the strata to a strike a little south of west ; but for the 
western dip, we have only the records of two trial-pits, and such facts as 
the topography and surface rocks can furnish. 

° F 
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It has been supposed that the seam proved in the working-pit of the 
Montreal and Pictou Company represents the Main seam of the Albion 
mines; but the fact that coal crops are connected with mea- 
sures manifestly overlying this seam a few hundred feet, together with 
the fact that the seam appears to be within 225 feet of another proved on 
the old road to Fraser Ogg’s quarry, which for reasons to be given here- 
after, I am inclined to believe represents the Stellar seam of the Acadia 
Seam equivs- mines (Fraser area), leadsme to identify the Montreal and Pictou seam 
gorscam. with the McGregor, rather than with the Main or Deep seam, the equiva- 
lents of which, in absence of evidence to the contrary, I am inclined to think 
will be found to overlie it. The following facts may lead to the finding of 
one or both of these overlying seams. I would first remark, however, that 
in a region 80 likely to be broken by faults, mistakes in distances between 
seams are to be guarded against, as different exposures of the same seam, 
when it is thrown by faults, may be mistaken for different seams. 
(1). On the south-eastern portion of the Intercolonial Coal Company.’s 
Sutherland area, a bore-hole was sunk which passed vertically through 
twenty feet of coal divided into two parts by four and a-half feet of fire- 
clay. The inclination of the strata is not stated, but it is supposed to be 
Nine-feet coal about 65°, which would give a thickness of about nine feet to the coal and 
a foot and a-half to the parting. The position of this would appear to place 
the seam higher stratigraphically than that of the Montreal and Pictou pit. 
(2). On the west bank of the East River, near its intersection with the 
north line of the General Mining Association’s area, there is a mass of 
coaly shale of considerable thickness, mixed with a black shale so highly 
carbonaceous as to yield a large amount of gas. It is supported by a 
Seameguiva-  Sttgmaria underclay, beneath which occurs the crop of what appears to be a 
am “true coal seam. This, it appears to me, may possibly represent the Main seam. 
(3). On the same bank of the river, opposite the town of New Glasgow, 
Seven-feet sam à pit was sunk on a coal seam stated to be seven feet thick ; this, it is 
said, was lost upon a fault, and as no record of the work was kept, its exact 
position cannot be given. At the time this was opened it was supposed 
to represent the Montreal and Pictou seam, but from the structure, which 
is well shewn on the river bank, I am inclined to think it belongs to measures 
several hundred feet higher. 


Provisionally considering the Montreal and Pictou seam as the McGre- | 


Albion group 08, it would seem probable that the crops of the Albion group leave the 
of seams, pe North fault, with westerly dips at a moderately high angle, at some dis- 
North fault. tance west of the east line of the Sutherland area, and the seam provision- 
ally considered to be the Oil coal will be not far from this line at the fault. 

This westerly dip is preserved by the upper portion of these searts till 


they approach the Montreal and Pictou corner on the General Mining 


{ 
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sociation's north line, near which a pit (No. 2 of the Intercolonial 
mpany’s Sutherland area record) has proved the dip to be S. 67° W. (or 
. magnetic) in bearing, with an inclination of about 65°. The Montreal 
d Pictou seam at the working pit, dips S. 43° E. (or S. 20° E. mag.) 
65° ; there must therefore be a very abrupt turn or a dislocation 
tween the two pits. At the working pit the seam thus shows a 
a toward the northeast, and thence the structure can be given 
th comparative accuracy from the river exposures. These show 
p ran of the measures to be nearly parallel with the bank ofthe stream, 
ading somewhat to the east of north until opposite the town of New 
aszow, where they all come against the North fault again, with a strike 
bably at about right angles to its course. 
In a region so likely to be disturbed by the forces which have produced 
gislocation of such great extent as the North fault, records of scattered 
are always unsatisfactory, as the dip in any of these pits may be 
luenced by a fault, or by a sudden twist in the strata, even ifa break has 
occurred. The structure of this immediate part of the coal field, as 
licated on the map, must therefore be understood as merely general and provisional 
strative, and liable to considerable alteration in detail from future explora- ““°*™* 
The presence of the great seams of the Albion group hag prevented Few researches 
y attempts at systematic explorations for coal beds above the barren theblect shelve 
k shales on the west side of the river. A few trial-pits, however, 
st in the upper portion of these measures, but of these there is in most 
es no record, and the only indications of coal there at present known 
k believed to belong to a bed which occurs between the black shales over- 
ii the Main seam of Section 4, and certain black shales of Potter’s 
ok on the east side of the East River ; the only evidences of this seam 
in the pits mentioned, and a few exposures far apart from one another. 
is I have called the Three and a-half feet seam. half feet seam. 
The seam is first seen in a cutting on the Nova Scotia Railway, about 
> chains north of the culvert over Coal Brook in the vertical measures 
à fault ; but it is here on the south rise of the Albion synclinal, and its pistribution. 
pis known westward about one mile by two pits, one sunk on the side 
the New Glasgow and Hopewell road, near the crossing of Coal Brook, 
d the other on a small branch of the same brook, about one half mile 
st. Thence the general structure would indicate that its course would be 
pewhat as shown on the accompanying map, where it is represented 
tat the MeCulloch-brook fault the crop is thrown about seventy chains ecuiioch- 
th. This seam does not appear in the Bear-creek synclinal, the deepest "°° *™* 
int in this trough showing only about 800 or 900 feet from the surface 
the Acadia (Main) seam. West from the McCulloch-brook fault the 
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crop turns north-west on the south rise of the Albion synclinal, cross: 
the old post road to Middle River ashort distance west of the Intercolor 
Coal Company’s railway. Thence it is not known except bya crop on: 
post road to Truro, near the turning to the private road running south to 
Horn farm. This point is shown by the structure of the measures below 
seam to be nearly on the axis of the Albion synclinal, and the seam pf 
bably crosses the road nearly at right angles to its general course. 

. Beyond this exposure the course of the crop cannot be followed w 
accuracy back to the McCulloch-brook fault, and as laid down 
the map it must be taken as conjectural, and as merely illustrative of : 
general structure. The only coal crop known on the north rise of the Alb 
synclinal between the West and McCulloch-brook faults was met with in 1 
ing the foundations for the Intercolonial Coal Company’s railway bridge o° 
McCulloch’s Brook. This is stated to have a thickness of th 
feet, and it is probably the seam in question, though it is here carried ez 
ward, and nearer to the centre of the synclinal than might have be 
expected, by the effect of an east and west fault presently to be describ: 
throwing up the measures on the north side. From this position at the railw 
bridge the general structure would bring the crop to the McCullo 
brook fault, but this being an upthrow on the east side, the plane of { 
seam is carried by it above the general level of the surface, and the c1 
does not agaïnappear on the north side of the east and west fault, unless it 
represented on the north branch of Coal Brook, which is a considera 
distance to the east, by a coal crop a few feet on the north side 
the disturbance above alluded to, which it leaves for a few chains, returni 
to it again. 

Farther eastward the north rise of this seam appears to leave the soi 
side of the fault, and on approaching the Albion mines there are indicati 
of its crop on the north side of the Hopewell road about two chains north 
the railway bridge near Coal Brook; this, and a similar exposure 
the East River at the mouth of the brook, seems to show the general cou 
of the Three and a-half feet seam as far eastward as it is at pres 
known. No other coal seam overlying the black shales has been observ 
to the west of the East River. 

All the greater faults limiting or considerably effecting the dist 
bution of the coal seams, have already been alluded to. Th 
affecting the underground workings in the different collieries will 
mentioned farther on in the detailed descriptions of these working 
but besides these many dislocations of greater or less extent trave 
the Productive coal measures, though the greater number of th 
are of slight importance. These may be divided into three series, thi 
belonging to each preserving a general parallelism in their bearin 


| 
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migh a few exceptions are known. They are (A) faults having a gen- 
e course of N. 33° W. and S. 88° E. ; (B) faults having a general 
wring E. and W.; and (C) faults having a direction of about N. 67° E. 

eS. 67° W.; besides these a fourth series (D) may be added having a 
vse Of N. 58° W. and S. 58° E., of which several examples have been 
wn, as will be especially seen in the workings of the Deep seam at the 
Lion mines. 

Jf these minor dislocations two have been observed affecting the 
masures near the centre of the Albion synclinal, of which descriptions 
mr be introduced here. The first, which may be called the Potter’s- Potter’s-brook 
rok fault, was first noticed on that brook near its junction with the East °°" 
afer. It isa downthrow to the south, apparently of considerable extent, 

«i has an E. and W. direction, the exact bearing from Potter’s Brook 
tstward being N. 86° W. It has been traced westward from the East 
er about a mile and three quarters, and is the samo break as has 

ady been mentioned in connection with the Three-and-a-half feet coal 
am. My belief is that it will extend across the MoCulloch-brook fault, Broken by the 

;which it would seem to be broken and thrown southward, and thence brook fauit. 
r be found to run across the western portion of the coal field to a point 
zar the intersection of the North and West faults. This supposition has 
#0 induced by the fact already stated, that a fault with a southern down- 
ow seems to affect the crop of the Three-and-a-half feet seam between 
‘c Truro post road and the railway bridge on McCulloch’s Brook. The 
‘tter’s-brook disturbance would thus belong to a more ancient system of 
tits than that deriving its name from McCulloch’s Brook. 

The effect of the second of these dislocations is seen at the railway priage mutt. 
ma bridge over the East River, just above the town of New Glasgow, 

“ere the measures, which, on the right bank of the river above the 
icige, are seen with dips somewhat to the south of east at moderate 

igles, on approaching the fault are suddenly thrown round to a dip of 
th at a high angle. This turn to the north at this point is probably in 
tt due to an undulation corresponding to a third or subordinate syncli- 
it, which you have observed on the east side of the river, and which, I 
‘dieve, you have named the North synclinal. But the immediate cause 
#the sudden turn and high angle of dip in the strata appears to be due 
the fault, which has a bearing N. 67° E. at the lower end of the bridge. 


ECONOMIC CONBIDERATIONS. 


In the treatment of this coal field with reference to its economic impor- £conomics. 
tuce, it would seem best to divide it up into the different mining areas as 
trveyed and leased by the Mines Department of the Province, giving 
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under the heading of each area, descriptions of such collieries as are now in 

active operation, of workings which have been abandoned, and of railways 

built and owned by the various coal companies. | 

Extension of It has therefore been thought proper to extend the map designed to 

illustrate the region, beyond the area examined, in order to show the con- 

nection of the Productive coal field with tide water at Pictou and Merigo- 

mish harbours ; and with a view of properly filling the topography, anumber | 

of roads near the town of Pictou, and a plan of that town, have been taken 

from a map of the county of Pictou published by Messrs. A. F. Church 

, and Co. of Halifax. | 
cu The southern limit of the map will be the parallel 459.80’ of north lati- 

| tude, while northward it will extend as far as the entrance of Pictou 
harbour on the Gulf of St. Lawrence; east and west it will reach so far 

as to include the harbour of Merigomish and the valley of the West River. | 

The projection of the map is based upon Admiral Bayfield’s determi- 

nation of the geographical position of Pictou light-house at the entrance of — 

Pictou Harbour,* and Betty Point, Merigomish Harbour f. | 








GENERAL MINING ASSOCIATION. 


General Mining The history of the acquisition by the General Mining Association of the 

ociation. . . | 
Royal patent granted to the late Duke of York, giving them possession of | 
all the minerals of the Province of Nova Scotia ; of their extended working | 
and exploration in Pictou and Cumberland counties and the island of Cape 
Breton, and of their final cession of the greater portion of their rights in 
consideration of certain facilities and franchises granted them by the Pro- 
vincial Government, is too well known to need rehearsal. 


ALBION MINES AREA. 


By reference to the mapit will be seen that the area of three square miles, 
selected by this association in the coal field, is the central one of the areas 
embracing the Productive coal measures. It includes the crops of the 
two principal seams, the Main and the Deep, both of which have long been 
worked by the company. Till within a limited period the Albion mines, 
and some workings on the McGregor seam on what is now called the 
Fraser area of the Acadia Coal Company, constituted the only regular 
workings of the Pictou coal field, and upon the coal shipped by this com- 
pany was established, in the first instance, the reputation of Pictou coal. 
Importance of These workings have now reached a great importance, not only from 

their considerable extent, but from the number of collieries in active opera- 


Albion mines 
area. 





fo * Pictou light is in 45° 41' 25” north lat., and 62° 39’ 19” west long. 
t Betty Point is in 45° 38’ 29” north lat., and 62° 26' 40’ west long. 
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<on. and from an actual power of production exceeded by very few on this 


“atinent. Although these collieries are included under the general term 
< the Albion mines, it will be necessary to describe them under the follow- 
zg local names, indicating either districts with well marked boundaries or 
sparate working pits: 1, Burnt mines; 2, Crushed mines (abandoned) ; 
5. Dalhousie pit works ; 4, Forster pit works ; 5, Foord pit works, all on the 
Main seam ; and 6, Cage-pit works on the Deep or Cage-pit seam. 

Burnt mines.—The Burnt mines include the earliest workings from the Burnt mines. 
crop of the Main seam, and extend from the west bank of the East River 
25out one-half mile northwest toward the Dalhousie pits. Although these 
workings have long been abandoned in consequence of a fire, I am 
informed that the pillars have not been crushed, and might still be taken 
sat, should the course of trade require it. 

Crushed mines.—The Crushed mines are situated to the deep of those Crushed mines 
jast described, their extent being from the east bank of the East River 
northwest to the Dalhousie pits, a powerful barrier of coal being left 
between them and the Burnt mines. 

Dathousie pit works.—The Dalhousie pit works are at present in actual pamousie pit 
vperation and capable of producing about 800 tons of coal per diem. The “” 
machinery at the Dalhousie Bye pit, or drawing pit, consists of one 50 
horse-power beam engine, single cylinder, drawing cages containing one 
box or car holding 1500 Ibs. of round coal, by a 4-inch flat wire rope. 

The arrangements at bank, shutes and railway near the pit head are of 
avery complete, substantial and convenient description, and the celerity of 
hoisting, dumping and screening the coal at the pit head evinces a system 
and management worthy of imitation elsewhere. This pit has been exten- 
sively worked during the past summer, the coal raised being taken princi- 
pally from the pillars. 

Forster pit works.—The Forster pit is a late working of this company, Forster pit 
and during last season was only irregularly in operation. | When in fall ""~ 
operation it will be capable of producing from about 500 to 700 tons 
of coal per diem. The arrangements at the pit head and elsewhere are 
much the same as those at the Dalhousie pits. The workings of the Fors- 
ter pit, Dalhousie pit and Crushed mines are pumped from the Engine and 
Staple pits at the Crushed mines, communication being made for this pur- 
pose. The water is lifted by a large double-acting Cornish pumping 
engine of about 100 horse-power driving the top lift of the pumps in the 
Staple pit, and the bottom lift in the main or Engine pit, the lifts being 
about 250 feet each. 

Foord pit works.—The Foord pit works, when in full operation, will be of Foord pit 
eo great importance to the coal field that I may be excused for giving “"” 
the full description which follows of the pits and machinery in so far as 
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complete at the time of my return from field work. In size and iy the 
perfection of design in the machinery, and in fact of the entire plant, 
these works will compare most favourably with any on this Continent, 
and may be considered an important addition to the wealth of the 
Dominion. 

Two principal pits, known respectively as the Foord drawing and pump- 
ing pits, have been sunk to the Main seam at a horizontal distance of 960 
yards from the crop, reaching a depth of 878 feet ; and a third to a depth 
of 830 feet for the first or top lift of the pumps, the drawing pit being about 
40 yards to the deep of the other two. 

The drawing engines are two -high-pressure horizontal cylinders 36 
inches in diameter and 5 feet stroke, or as connected, of about 160 nomi- 
nal English horse-power. The crank-shaft connecting these engines is 15 
inches in diameter and carries a 20-feet drum, included between two 22 
feet fly-wheels, which are fitted with powerful friction brakes, by means of 
which the engines can be stopped almost instantly, should circumstances 
require. The engines are fitted with slide-valves, moving on anti-friction 
rollers, and the arrangement of weigh-bars for the throttle, links and brakes 
is such that one engineer has them under perfect control. The cages in the 
pits are made of bar steel, weigh about 900 lbs. apiece, and are double 
decked, carrying four cars or boxes holding 1500 lbs. round coal each. With 
the moderate piston speed of 250 feet per minute, and allowing full time 
for all ordinary delays and stoppages, these engines ought easily to deliver 
1000 tons of coal on the platform, per day of ten hours, which, with coal 
from the banks, would make the ordinary production in full operation about 
1500 or 1600 tons of coal per diem. 

The engine house (61 by 35 feet) and all fittings in the pits and around 
the pit head are of the most substantial character, the engine house being 
of cut stone and brick, the foundations of cut stone and concrete, the pillars 
for the platform of brick, and the timber work of frames, platform and pit- 
timbering, of the best southern pine, a ship load of which was especially 
selected for these works. . 

The pumping engine is a single cylinder, high-pressure Cornish engine, 
the cylinder being 62 inches in diameter and of 9 feet stroke, or 240 nomi- 
nal English horse-power. This engine is set upon a massive column of cut 
stone, resting on the solid rock below. The height of this pillar is as fol- 
lows :—From the foundation (at the surface of the ground) to the top of 
cylinder pillar 21 feet 64 inches ; thence to the top of the beam pillar 22 
feet ; and from the top of the beam pillar to the centre of the bearings 4 
feet 6 inches ; or about 50 feet from the surface of the ground to the bearings. 

The cylinder is set over the top-lift pit, the piston-rod, 8 inches in 
diameter, coming through the cylinder bottom, driving the top set of pumps 
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direct, as in the Bull engine, the second and third sets being driven through 
the beam, which is of wrought iron plates riveted to iron castings. This beam 
is 34 feet long, 7 feet deep in the middle and 2 feet 4 inches at the ends, 
its weight being 18 tons, without gudgeons, these being of wrought iron 14 
inches in diameter for the central one at the bearings, increasing to 16 inches 
in the middle, the end gudgeons being 8 inches in diameter, increasing to 
92 inches in the middle, and the intermediate for parallel motion rods being 
4% inches in diameter. 
The pumps, etc., are of the following patterns and sizes : Pumps. 
First or top set lifting pumps, working-barrel, 18 inches diameter. 
Second or middle forcing pumps, working-barrel, 18 inches diameter. 


Third or bottom set lifting pumps, working-barrel, 18 inches diameter. 
Column pipe, inside diameter, 19 inches. 


Both drawing and pumping engines are supplied with steam by a suite of 
six cylindrical boilers, high pressure, 5% feet in diameter and 85 feet Boller. 
long, fed with water by two donkey engines and pumps of 7-inch steam 
cylinder, and fitted with tho latest appliances for convenience and 
safety. Flues, furnaces and stacks, are substantially built and lined with 
fire-brick. | 

The General Mining Association own a fine railway, six miles long, from Ballway- 
the Crushed mines to the loading ground, with branch lines, sidings and 
passings amounting probably to four miles additional. The loading wharf whart. 
i3 situated on Pictou Harbour, at the mouth of the East River, and extends 
400 yards from the shore to 22 feet of water. 

Vessels of greater draught than 20 feet are generally loaded with coal 
from lighters owned by the Company, who also keep a powerful tug in the 
harbour for the convenience of vessels consigned tothem. The arrange- 
ments at the wharf and the amount of rolling-stock, including five locomo- 
tives, appear to be ample for a shipment of about 8000 tons per diem. 
The largest amount thus far regularly shipped was during the summer of 
1867, when shipments averaged for some weeks 2,400 tons per diem, 

The locomotive, car,and blacksmiths’shops are well stocked and arranged, moi shops. 
and at the machine shop and foundry all small machinery, and even some 
slope engines of considerable size, (24 inch cylinder), and of very creditable 
workmanship have been manufactured. In addition to the works described, 
the Association have built a large number of houses for overmen, workmen 
and others, and have a full complement of repair and carpenters’ shops, 
barns and other buildings, all upon the property area of the company. 


UNDER-GROUND WORKINGS MAIN SEAM. 


The first pits at the Albion mines known as the Stair, Store, Engine and purnt-mines 
Bye pits, gave access to the workings of the Burnt mines, which extended P"* 
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on the lower level about 250 yards southeast, and 900 yards northwest 
toward the Dalhousie pits, the deepest pit being the Engine or drawing pit, 
199 feet to the bottom of the Main seam. These pits are now entirely 
crushed in and filled with débris. Separated from these workings by a 
barrier of about thirty yards of coal are the Crushed mines, which were 
worked from the following pits: 


Engine pit for pumping........ce.ee.e 451 ft. 6 in. to Main seam. 
Bye or No. 1 pit for drawing.......... 436 4 6 tt & bt “ 
No. 2 Pitsccecocccccevccesseccccess 392 € 9 «ww 
No. 3 Pitecceccvcscceccccsccesecscs 832 # Q «€ uw  « e 
No. 4 Pit. ccccencsccscccccncescvecs 284 6 QO eu a 
Up-cast pit..ccscccsecccscescuscees 248 9 on 


Pits Nos. 1, 2, 3 and 4 correspond to the four railway bords or main 
levels, in former times a pit being sunk for every six working bords. 

The lowest level of the Crushed mines extends about 1000 yards south- 
east from the Bye pit, or about 180 yards beyond the meeting of the three 
roads near the Big branch bridge, East River ; and from this level at 600 
yards from the pit a slope was sunk, running eastward at half across dip, 
or at an angle of 10°, and from this slope, workings were in successful 
operation until the fire occurred which caused the Crushed mines to be 
abandoned. Westwardly the lower level extends about 1200 yards to the 
barrier of the Dalhousie pit workings, and at about 100 yards from the pit 
a slope has been driven about N. 48° W. 700 yards. 

Fears have been entertained by the workmen.employed in the Foord 
pits that danger might exist of holing into these old workings, now full 
of water; but according to careful plans, as kept in the office, no point of 
these deep workings approaches nearer than about 400 yards, or nearly a 
quarter of a mile, to the Foord pits. 

The Dalhousie pits are four in number: 1, Dalhousie Bye pit 250 feet 
deep ; 2, Engine pit of the same depth ; 3, Top pit 180 feet deep to the 
Main seam ; and Dalhousie Down-cast pit 440 feet deep through the Main 
to the Deep seam. 

The section of the Main seam at the Dalhousie pits is as follows, reduced 
from the records of the Engine pit : 


Fi. In. 
Coarse COAL... cree ce ceccccncen cece sete aces eens sete eee ee eestor eee seu 0 2 
Good COB]... soon ce rcce sens cece ee nee eee toe bese ee sos esse s 4 8 
Iron Btone.cc.cccccccce secccerccs ence ce ccacccscsetesececeersscssssecsess. O 6 
Good Coal... ccocesccccaccccecccnescccsecstasvcccceessceeee nus 13 3 
Iron stone... soso scene on oo ones Garten eee eee esses esse seees 0 4 
Coarse coal, of good quality.... ss .sesmoossessosessssnesesensseesss 7 0 
Iron stone .cccrccccccccccccncs voce ose oseso soso ssssteuosvecse 0 4 
Coarse coal.......... esse ueue 000 cost teen eee se ceccce cusssosse 3 9 
Iron ston6.... soso roro se ence see cece unes sonenoceneno sense 0 4 


€ 
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Ft. In 

Coarse COA]. .cccccccvccccscccvcee cncccceececccencesccccesscereessene 2 7 
Iron stone... ccccccarnccccscce cect unes mes sons wean teen cease easnenne 0 6 
Coarse eoal.......oouousosnees couscous Cac cccccc ccc ese eeneescnecens 4 5 
36 9 


To the east of the Dalhousie pits the upper twelve or fourteen feet only 

of the seam was worked, the bottom coal not being considered marketable. 
To the north-west, however, the whole seam is worked in the Dalhousie 
workings, giving some twenty-eight feet of excellent coal, the bottom being 
coarser merely in appearance. The six-inch parting of ironstone 
increases going west and encroaches on the fall coal, which isnot worked 
at the Forster pit. Farther west, at the western face of the Forster pit 
workings, the whole seam appears to deteriorate somewhat, the coal becom- 
ing of a dull lustre and shaly texture, and several of the partings increasing 
in thickness. About twenty-two fect of the lower part of the seam is there 
worked. 

The lower levels of the Dalhousie pit extend 1,100 yards north-west Lower levels. 
to the Forster pit, dip workings having also been extensively wrought from 
a slope, the head of which is near the Dalhousie Engine pit, through 
which steam is supplied to the slope engines. These engines, and also 
those of the two Crushed mines slopes, are horizontal drawing engines, 
with connected 24-inch cylinders and 48-inch stroke. They hoisted coal 
trains of twelve boxes each. The bearings and distances to which this slope 
was driven are N. 48° W. 920 yards, then, the dip increasing, N. 66° W. 

160 yards farther. 

From the Forster pit the lower railway bord or main level has been Forster pit. 
carried 480 yards west, giving an entire length of working of 8,600 yards 
from the eastern face of the Crushed mines. On account of the deteriora- 
tion of the seam going west very little coal has yet been taken from the 
western workings of the lower levels; a slope 150 yards to the dip and a 
travelling way driven to the crop constitute their extent. 

The Foord pit workings under ground consist of the three pits already 
described and a small amount of narrow work, the levels extending at 
present about 100 yards north-east and south-west from the pit bottom. 

The progress of the workings has lately been delayed by an explosion of Expiosion 
gas, which, but for previous precautions and promptness of action, might f°" it. 
have proved disastrous. Fortunately however, the men were got out without 

injury, the loss being that of the horses under ground and the burning of 

a portion of the timbering and guides of pits. The damage having now been 
repaired, work will be resumed atonce. At the time the explosion occurred 

(March 27th, 1869) eighty four men were employed under ground. 
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UNDER-GROUND WORKINGS Daz sxam. 


18 Deep seam workings are reached by Cage (drawing) and Success 
ping) pits. The capacity of these works is similar to that of the 
ousie pits,and the over-ground works are of the same design and extent, 
the exception of the pumping machinery, consisting of a large hori- 
engine driving two lifting pumps. 
els have been driven about 2,800 yards west of the Cage pit, and 
bout one mile of this distance the coal above the bottom level, about 
yards from the crop, is standing in pillars, with the exception of a 
on 1500 yards from the pit, where pillar working has been com 
red. Eastwardly from the pit the workings have been carried only 
t 170 yards, where gas becomes so troublesome that work was stopped. 
1e section of the Deep seam, near the eastern face, is nearly as 
8 :— 

Fi. In. 
Dark brown carbonaceous firecla; 
Dark browa carbonaceous shalt 
Hood coal. 








Shale or shaly coal, not expose 


oing westward the character of the coal materially improves. At three 
‘ters of a mile from the Cage pit the section is: 


Ft. In. 





ere the seam is at its best, and was all worked, yielding, with the 
iption of the coarse coal parting, most excellent coal. From the foarth 
iterbalance to the western face, the bottom bench, ten feet of. good coal 
orked ; the upper portion of the seam has not been proved lately. 


SYSTEMS OF WORKING AT THE ALBION MINES. 


Vith slight modifications the post and stall, or pillar and bord system of 
king has been used in the Albion mines since the first openings were 
le. The practice of this system involves long bords, or working places, 
gate roads or inclines, running diagonally across the bords to the main 
1, at such an angle to the full dip, that the coal can be easily taken to 
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the railway bord by sleds drawn upon the floor of the seam ; by cars 
running on railway tracks, drawn up to the bords by horses, and withheld 
from too great a velocity in descending by a drag chain running around a 
stout post at the head of the incline; or by cars running on a three-rail 
track, with passings,a drum witha friction brake being so arranged at the 
head of the incline that the loaded cars in descending draw up the empty ones. 
The bords are in most cases about 6 yards wide, the pillars from 8 to 12 
yards. 

During the past two years the new back-balance or self-acting counter- Back-balance. 
balance system has been introduced at these mines, and is now in success- 
fal operation in the Cage-pit workings. This was first used in Lancashire, 
England, and was introduced into this province by Mr. Hudson of the 
General Mining Association. 

In this system an incline about 10 feet wide is started from the main 
level, and driven direct to the rise, either to the next level, or above the 
upper level, as far as it is intended to work the coal. Two tracks are laid in 
the back-balance, extending from the the main level to within about 20 feet of 
the top of the incline, where a drum fitted with a friction-brake is firmly set. 
Upon one of the tracks (say the left for illustration) runs a car or box so 
loaded with stone as to rather more than counterbalance the weight of a 
cage running on the right track when loaded with the weight of an empty 
ear (supposing them to be connected by a wire rope or chain, passing 
round the drum at the head of the incline) while the weight of a full car 
on the cage will cause it to descend, raising the weight of the car loaded 
with stone. 

In getting the coal a barrier is left for the main level, and then the first 
working bord is turned from the back-balance (to the right) and continued 
on the strike toward the next counterbalance, a distance varying from 150 
to 200 yards. Farther to the rise working bords are turned off at regular 
intervals, the system in the Cage-pit working being, main barrier 21 feet, 
bords 18 feet, pillars 18 feet. The platform of the back-balance cage 
runs down to a level with the floor of the main level, and a section of track 
is laid upon it (as in a pit cage) which is continous (when the cage is in 
position), with the rise track of the level. An empty car now being run 
on to this cage, and the brake of the drum being slackened, it is evident that 
the car will be drawn up the incline by the counterbalance weight, and that 
it can be stopped by the brake opposite to any of the bords where it may 
be required. 

A temporary track being kept to the working face of all the bords, the 
car is run into the bord, filled, and again run into the cage, when its increased 
weight causes it to descend, the speed being regulated by the brake. Qn its 
arrival at the main level, it is pushed from the cage by an empty car, which 
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an {the in its turn goes through the same process. As an example of the expedition 


Fire damp. 


Precautions at 
the Albion 
mines. 


Difficulties of 
working great 
seams. 


Inadequate 
pillarage. 


Faulte. 


and economy of this system, I may mention that one boy, at #0.60, can 
at the Albion mines brake down from 275 to 300 boxes of coal, holding 1500 
Ibs. of coal each, per day of ten hours. 

In the working of both the Main and Deep seams fire-damp or light 
carburetted hydrogen gas is sometimes given off the coal, in quantities 
which not only prove troublesome in requiring safety-lamps and other pre- 
cautions, but also sometimes cause explosions disastrous to life and property, 
in spite of all precautionary measures. Several serious explosions have 
occurred in the older workings, in which not only have men been seriously 
injured, but the coal in the seams has been ignited, threatening the entire 
workings with destruction. In fact, so alarming did one fire from this cause 
become that it was deemed necessary to turn the water from the East 
River into the workings (the present Crushed mines) as.the only possible 
means of extinguishing the flames. The greatest care is taken to prevent 
these disasters, to which all the mines of this region are liable, stringent 
rules being provided with regard to the use of the lamps; and by order of 
the Inspector of Mines, danger signals are posted, beyond which open 
lamps cannot be taken. 

At the Albion mines the greatest precaution is observed ; barrels of water 
being kept in every working bord, ani several small cannon are kept con- 
stantly loaded when gas is feared, to extinguish it if possible by concussion 
of the air. With all this care a blower of gas will sometimes ignite, gene- 
rally from a blast, and become troublesome. Into the crack from which 
one of these blowers appeared, an inch copper tube was driven, and the gas 
ignited, when a flame was produced two feet long, which burnt continuously 
for six weeks. Against these explosions the only safeguards appear to be 
the most perfect ventilation, and cutting instead of blasting the coal. 

The working of seams of coal of the size of the Main and Deep is at best. 
a very difficult problem, requiring great care and experience. The explo- 
sions, fires and inundations to which the greater portion of the Crushed- 
mines workings have been subjected have proved the immediate causes of 
the crushes extending over these workings, and also over a portion of the 
workings of the Dalhousie pits, resulting in the loss of several of the 
Crushed-mines pits, and alarge amount of pillar coal. The original cause 
of these crushes, however, has been from an inadequate scale of pillarage, 
the large size and considerable angle of the seam3 requiring pillars of an 
extent proportionally much greater than those required in most of the Eng- 
lish coal fields, where, as a rule, the seams are of moderate size and the 
angle of dip quite low. 

Very few faults have been struck in the workings of the Albion mines. 
Three were met in the Crushed mines dip-workings of the east slope. The 
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first has a course of N. 21° W, being a downthrow east of 40 feet at the 
dip slopes and running out to 3 feet at the lower level of Engine pit. The 
second is still farther, being at the end of the slope ; its course is N. 10° W. ; 
it is a downthrow eastward of 14 feet. The third is one connecting the 
first and second and not cutting the first ; its course is 8S. 78° E.; itis a 
downthrow to the northeast of about 50 feet, where proved at about half 
distance between the first and second faults. Near these faults the gas Gas near tauite- 
was struck which caused the fire in the Crushed mines. Besides these three 

a few small faults are found in the workings of both seams, which appear to 

be arranged in two systems, the one running N. 88° W., the other 

S. 88° E., which, it will be observed, are the courses of several of the import- 

ant dislocations affecting the general distribution in the coal field. 

The parallelism of the cleats or joints of the coal, and also of numerous Cleats. 
small faults of a few inches throw, in the Deep seam, is quite noticeable 
though by no means exceptional. With very few exceptions their course 
is N. 58° W., while in the Main seam no marked parallelism is observed, 
some running N. 67° E., others S. 88° E., N. 88° W. and N. 58° W. 





ACADIA COAL COMPANY OF NEW YORK, U. 8. 


The Acadia Coal Company own three mining rights, which are as fol- Acadia Coad 
lows : peer 
The Fraser area, south of the General Mining Association’s area ; the 
Carmichael area, southwest of the General Mining Association’s area ; and 
No. 8 area, lying to the south of the Fraser area. 


FRASER AREA. 


Workings have been carried on for many years upon the Fraser area; Fraser area. 
first by the General Mining Association, and more lately by Mr. J. D. B. 
Fraser, of Pictou, from whose possession it passed by lease to the pre- 
sent company. 

Attempts have been made by former owners to work the Deep seam on sickensie pit. 
the western portion of the area at the McKenzie pit, and a slope has also 
been driven some distance on the crop of the Third coal seam, both of peep ana 
which workings are now abandoned, and therefore require no special ‘""*"*™* 
description. The present workings are confined to the McGregor seam 
and two openings on the Oil-coal. 


McGREGOR COLLIERY. 
In the McGregor colliery the openings consist of No. 1, an adit, No 2, a McGregor col- 
slope, and No. 3 a pair of slopes. 


Adit No. 1 was opened by the General Mining Association on the left x. 1 adit. 
bank of Coal Brook, near the crossing of the Middle River road, and driven 


N 0.2 slope. 


No. 8 slop2s. 


Upper coal. 


Oil-coal. 
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N. W. a distance of about 800 yards. The seam was irregularly worked 
by the General Mining Association and Mr. Fraser, but is, I believe, for the 
present abandoned. | 

Slope No. 2 is a single slope to the lower level of No. 8 slopes, and was 
formerly the working slope, but is now used only as a travelling way. It. 
stands on the left bank of Coal Brook near the mouth of No.1. Slopes 
No. 8 are the principal working. Their situation is 170 yards S. E. of 
No. 2, on the right bank of the brook. Their total depth is 510 feet. Main 
levels.extend 260 yards N. W. and but 20 yards in the contrary direc- 
tion. The dimensions of the slopes are: Drawing slope (a double rail- 
way track) 9 feet post, 9 feet cap and 14 feet ground sill. The tracks 
are allof T iron 25 lbs. to the yard. The second slope, a travelling way for 
horses and men, is separated from the drawing slope by a 14 feet barrier of 
coal; its height is the same as that of the drawing slope, with 6 feet cap 
and 8 feet ground sill. A temporary engine is of 14 nominal English | 
horse-power, with a horizontal single cylinder, driving the hoisting drum by 
shafting with clutch gearing; and also pumping through the Fleming | 
pump pit by a wire rope running over sheave pullies to the pump bob. 

In working the McGregor seam the upper coal (included in the upper | 
six feet of the seam) is the only portion taken out, the lower bench being 
unsaleable. Theseam is found to rapidly improve going west, as will be 
seen from the following sections : 


McGregor seam, upper coat. | 
At No. 2 slope. At western face. — 


Ft. In. Ft. In. 
Good coal.......ssssssorosssssssseneues 1 9 2 9 
Arenaceous fire-clay parting... ...sevccssses, 1 0 0 6 
Good Coal... ccc ccccsccccccccvccccveccece 3 0 4 0 
5 9 7 3 


Near the western face, the bord and pillar system with incline gate 
roads has been commenced. Elsewhere in the working the back-balance 
system is used. | 

OIL-COAL WORKINGS. 


Two slopes have been sunk upon the Oil-coal seam, namely the Fraser 
mine on Coal Brook, near No. 3 slopes, and the Stellar mine on McCul- 
loch’s Brook. The principal value ofthis seam consists in the large quantity 
of oil contained in the bench mentioned as oil-coal in the general section, 
which in former years was extensively worked, the oil coal or sfellarite, as 
it has been named by Professor Henry How, who first described it, 
selling for a high price for gas-making and distillation. The present 
low price of coal-oil from the extensive working of petroleum in this 
country and the United States, combined with the high tariff on imported 
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coal imposed by the United States, have combined to render the work- 
ng of this seam unprofitable, and both workings are for the present aban- 
Joned. 

As the quality of this peculiar coal will receive especial attention in the 
Appendix to this report, I will merely state in conclusion that from the 
arge content of oil this seam must at some time prove of considerable value. 
From pits sunk by the Acadia Coal Company it would appear that the size 
and quality of the Oil-coal bench improves towards the east, the greatest 
‘hickness (1 foot 10 inches) being procured in a pit sunk at the corner of 
Grove street and Pennsylvania avenue in Acadia village, which coal pro- 
tuced 120 gallons of crude oil to the ton; the average obtained from the 
Fraser mine being about from 60 to 65 gallons per ton. 


| CARMICHAEL AREA. 


For many years no workable coal was known to exist to the west of the carmichaet 
McCulloch-brook fault, on which the Albion coal seams are lost; and “™ 
though many attempts were made to ascertain the position of these seams 
no coal was found until the 18th April, 1865, when Mr. Truman French, 

n prospecting for the Nova Scotia Coal Company, discovered the fino 
seam of coal now known as the Acadia seam, and presumed to be equiva- Acadia scam. 
lent to the Main seam of the Albion mincs. The first opening of this seam 
vas on the area under consideration, near its western boundary, from which 
point it was traced north and south, as described in treating the general 
distribution of the coal seams. 

ACADIA COLLIERY. 

The Acadia colliery, locally known as the Acadia west slope, is situated Acadia colliery. 
near the south-western corner of the Carmichael area, and within the village 
of Westville. Two slopes, corresponding in dimensions to the No. 8 
McGregor slopes, have been sunk on the Acadia seam to adepth of about 
140 yards from the crop. 

The section of this seam and the strata immediately overlying, as mea- gection of 








| 
sured in the air shaft of this colliery, is as follows: Acadia seam 
Fl. In 
| Brown carbonaceous ghale............ wees eee eco. 4 6 
Biack bituminous oil shale....,..........,.....sooussessssncsocuoce 0 7 
Brown carbonaceous shale ....cc.cscccccccncccrcccccsrccescnceceeseee 6 6 
Ft. In 
Good coal, (ist bench}........,.....,...sssssesoue wif 2 9 
Good coal, (2nd bench).. es oonennses e Fall coal 3 6 
Light arenaceous fireclay or holing conne soon consonnes 0 3 
Good coal, (3rd bench)...................se.e.se 3 8 
Coarse hard coal with iron pyrites, easily separated by 
dressing from the other coals...........,.... 0 1 
Good coal, (4th bench}).......,.................... Bench coal 3 3 
Coarse coal of fair quality......... a wee cece ces nee 2 4 
Coarse coal not taken out.............,........... 2 4 
18 2 
29 9 





Black shales 


No faults. 


Counter-bal- 
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Above the section given, no details for a column of strata can be pro- 
cured, no record having been preserved of the numerous pits in the over- 
lying measures. The remains from these pits, however, will enable me to 
state that at this colliery the seam is overlaid with a great mass of barren 
measures, consisting of black and brown carbonaceous and argillaceous 
shales, with occasional bands of dark arenaceous shale, and at least two thin 
bands of thinly laminated sandstones of a general white colour with black 
partings, as in the sandstones described in the Forster pit section. Under 
the seam there is a yellowish-drab Stigmaria underclay of at least four feet 
in thickness. -The measures are then concealed for forty-two feet, at which 
point a heavy bedded sandstone appears, of a light brownish-drab colour, 
containing, where exposed in a quarry near the Acadia slope, large 
Stigmaria roots well preserved, as well as occasional stems of Lepidoden- 
dron. 

At this colliery the seam has been proved to be without fault, by the main 
level, which now extends about 500 yards south and 400 yards north, the 
exact direction across the area being N. 41° W., (or N. 18° W. magnetic) 
corresponding to the dip of the seam, N.49° E. (or N. 72° E. magnetic), 
which varies only in inclination, being 19° at the surface and about 23° 
at the lowest level. The under-ground workings are on the counter 
balance system, and are remarkably regular and well laid out. Counter- 
balances are driven 15 feet wide and 100 yards apart, throughout the 
workings. An air course 8 feet wide is also driven up at 10 yards to the 
left of each counterbalance. Working bords are 15 feet in width, with 15 
feet of pillar, 75 feet of barrier being left above the main level. 


MACHINERY. 


The platforms at the head of the slope are roofed in. They extend 
from the mouth of the slope to the banks, and also to the shutes over the 
railway track. At this mine the fine slack is not sold, being carefully 
screened out, the rest of the coal being divided into two sizes, round and 
chesnut. The drawing engines were built in New York, and are 
fair specimens of the best type of American engines, being compact and 
easily handled, with none of the slightness of design usually observable in 
American machinery. They are horizontal high-pressure connected 
engines, 16 by 48 inch cylinders, working by a 24-inch pinion into a 16- 
feet spur-wheel on a 14-feet drum. The engine house is of brick and cut 
stone, with a corrugated iron roof. Pumping is effected by a small donkey 
engine, which is also arranged to hoist bank coal to the screening plat- 
form, the quantity of water in this mine being so insignificant that a two- 
inch column-pipe is sufficient to deliver it. 
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Sxconp Sram. 






the Acadia seam was followed by the discovery of & second seam. 
lying at about 160 feet, by Capt. Blacker of the 
t the pit sunk by him the following thickness was 





as good coal seems, from the specimens I have seen, 
racter, and none that has come before me would be * ; 
Jarmichael area this is opened by only one trial-pit, ‘ 


AREA No. 3. 


Acadia area no coal has been found, but from the Are No.8 
by trial-pits, of the black shales overlying the Main 
that the representatives of this and underlying seams 
tion of this area to the west of the McCulloch-brook 
r character of the coal no information can be obtained 
oepecting. The only opening which is near this area 
ad from the strike of the Culton seam at that point, 
that it will continue on to No. 3 area. 

Bartway. 

Company have built a fine single-track railway of Bauway. 
alf miles in length, the main line extending from the . 
‘ack of the government railway at a point near Coal i 
assing through the Acadia village near the McGregor 
it is connected by sidings. From the junction at the 
oal is conveyed over the government railway to the 
ind at Fisher’s Grant, on the east side of Pictou har- Loading 
nee. The shipping wharf extends into the harbour 860 """ 
iter at low tide. It is a well built structure, 20 feet 
es at both sides and end, empty trains being made 


Borprxas, 


ses have been provided for miners and labourers at the Baltdingr. 
ch is very tastefully laid out in regular streets and 

being very substantially built, and of a much better 

to provide for like purposes. 

plant at both slopes, including the blacksmith and 

‘e building and overmen’s houses, is very complete. 
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INTERCOLONIAL COAL MINING COMPANY OF MONTREAL. 


Two mining areas are owned by this company, the Bear Creek area 
to the south of the Carmichael area of the Acadia Coal Company, and the 
Sutherland area, which lies to the north of the area of the General Mining 
Association. 

BEAR CREEK AREA. 


The Acadia seam was opened upon this area soon after its discovery in 
1865, at a point known as Campbell’s pit, near the north line of the area, 
and from this pit, as worked by the then owners of the area, and subse- 
quently by the agents of this company, a considerable amount of coal was 
taken for consumption in the immediate neighbourhood. After a careful 
survey by Mr. William Barnes of Halifax, a competent mining engineer, 
(which survey will again be alluded to) the company decided upon the 
location of the present colliery. 


DRUMMOND COLLIERY. 


The erection of buildings and machinery at this colliery and the first 
work at the present slopes was commenced about November, 1867, since 
which time works of considerable importance have been erected, a railway 
has been built, and a large amount of coal (about 70,000 tons) has been 
shipped. 

The section of the Acadia seam at this point is as follows, the measure- 
ment being taken in the air shaft of the colliery : 


Ft, In 

Good coal with a smooth parting two feet nine inches from the bottom, 
(Jul col)... cece ccvccnncccccec erence seen ss 5 9 
Light gray soft fireclay ; it varies slightly in thickness; (holing)............ 0 3 
Good coal, top bench............. ] ccc cne seccccevcsesccessececens 5 6 
Gray hard coal, giving a pink ash. | Lecce ect s en ss cecneccseececeese 0 6 
Good coal, second bench.......... 1... ess cssesessessesnsee 4 6 
Coarse coal, not worked....,...,.. | woe cece cece ce secccracs sc... 2 1 
18 7 


UNDER-GROUND WORKINGS. 


The present workings consist of two working slopes driven about 900 
feet from the crop of the seam, the dip being about 16° at the surface, 
decreasing to 14° at the lower level, at 730 feet from the surface. The 
size of these slopes is 9 by 9 feet, with a central barrier of coal between 
them of 28 feet, each slope having a single track and travelling-way. 
Main levels for two lifts have been driven from the slopes north and 
south upon the seam, the north levels being worked from No. 1 slope 
and the south from No. 2; thus far I believe the lower levels have 
been most extensively worked, a considerable amount of coal being left 
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near the crop for safety. I have not had an opportunity of examining a 
detailed plan of the workings, but my inspection of them would lead me 
to believe that the system of pillarage is planned with more than usual 
regard for safety. Both the post and stall and counterbalance systems of 
getteng the coal were at first tried with a view of ascertaining their com- 
parative economy, and I believe that Mr. Dunn has selected the counter- 
balance system for the future working of the mine. 

But little water has as yet been met with, and it is at present raised by 
water cars, no pump having been found necessary. 


OVER-GROUND WorkKsS. 


The arrangements at the surface seem exceptionally well planned and Over-ground 
have given great satisfaction. At the head of the slopes a large heapstead | 
or covered screening platform is erected for the separation of different 


sizes and qualities of coal, and for banking out. The coal boxes are drawn 
on to this platform in trams of from five to twelve (holding from 500 to 600 
pounds each) and thence delivered by dumps on to the screens, where the 
coal is separated, as at the Acadia colliery, into three sizes: round coal, 
nut coal and slack. The platform extends over eight railway tracks, four 

| for each slope ; its floor is level with the top of the bank, for banking out, and 

in shipping bank-coal a railway track is run along the foot of the bank, and 

| from this level the bank cars are raised to the main platform in a cage 
lifted by a small donkey engine, which is also arranged to drive a circular 
saw for the car shop of the colliery. 

The drawing engines are horizontal connected engines of about 50 Engines. 
nominal English horse-power ; they are of Scotch manufacture, and are 
fitted with an extremely ingenious arrangement of friction gearing, by 
means of which the two slopes may be worked independently, by one 
engine, a matter of great convenience. 


RAILWAY, 


The railway of this company extends from the Drummond colliery to Baïway. 
their shipping wharf at Granton on the Middle River, near Abercrombie 
Point, the position of which will be seen on the map. The main line of 
single-track railway is laid with 56-pound rails, with the new steel scabbard 
joint, which has proved so successful on the Pictou and Truro branch of 
the Nova Scotia railway. This railway was built in 1868 by Mr. Joseph 
B. Moore, contractor, in the most complete manner, the track being well 
ballasted with broken sandstone and a coarse conglomerate from the cut- 
tings near Waters’s Brook, the culverts of cut stone, and the bridge of 

| trestlework with cut stone foundations. 

The rolling stock of this railway consists of three locomotives, miscel- Rolling stock. 

laneous platform and construction cars, and sixty new coal waggons carry- 


Shipping wharf. 


West fault. 
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ing from six to seven tons of round coal each, twenty of which were built 
at the Drummond colliery car shop. In connection with the railway are pro- 
vided at the colliery, car shops, locomotive-sheds and weigh-houses. The 
length of the main line of railway from the colliery to the wharf is about 
seven and one quarter miles, which, with sidings, turn-outs and standing 
tracks at the colliery, will probably raise the total length of single track to 
about ten miles. 

The shipping wharfof the Intercolonial Coal Company is a fine structure 
of wood upon stone and crib-work piers, extending in a curve into the chan- 
nel of the Middle River to about 22 feet of water. The arrangement at the 
platform of the wharf is such that there is a slight incline of one track 
downward from the shore to the end of the wharf, and thence a further 
down grade on a second track back to the shore, the design being that as 
fast as coal is required at the shipping places or shutes, the full cars are 
allowed to run by their own gravity to the point required, whence, on 
being emptied, they will again return by their own weight to the shore, to 
be made up into empty trains. They are switched back at the end of the 
wharf on to the empty or inside track, running parallel to the full track, 
upon which they are pushed by the locomotive in coming from the colliery. 
This arrangement has, I believe, given great satisfaction, as it results 
in a saving of the horses usually necessary for handling coal cars at the 
shipping wharves. 

The railway and wharf were opened for traffic about the Ist of October, 
1868, and before the close of navigation several thousand tons of coal were 
shipped. During the present season the colliery has been in successful 
operation, and a considerable quantity of the coal has found a market in 
the provinces of Ontario and Quebec. 

In the description of the general distribution of the coal in the Bear 
Creek synclinal it has been stated that at a few hundred yards to the 
south of the Drummond Colliery the crop of the Acadia seam comes 
against the West fault. The fact that the crop of the seam was here lost 
upon a fault “ with aS. W. upthrow and a bearing of N.10° W.” mag- 
netic, (or N. 33° W. astronomical) was proved and stated by Mr. Barnes. 
A few yards to the west of the spot where the coal of the Acadia seam 
was lost another seam of inferior coal, about three feet in thickness, wa 
found, and beyond it, to the south-west, a second fault with a south-west 
upthrow was observed, bringing up red and gray sandstones. These sand- 
stones I have examined and believe to belong to the Millstone Grit series. 

The first fault mentioned appears to coincide in position and bearing 
with the general run of the West fault, and, as it will certainly be the 
western boundary of the workable coal, I have in the map shown it as that 
fault, but it is quite possible that here the great West dislocation may turn 


ee - 
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patch of the lower portion of the coal measures 
irst fault, its throw being completed by the 
sarnes, bringing up the Millstone Grit. 

he Acadia seam removed by this fault, as at 
» unimportant. This is known from the fact 
the seam have been traced along the east side 
it very low angles it is probable that only some 
st the crop will be cut off by the fault. No 
why the second levels from the Drummond 
und regularly to the south-eastern portion of 


SUTHERLAND AREA. 


done upon this area, and no coal has as yet 
m that the North fault runs diagonally through 
ons. To the south of this fault the area is 
e lower seams or a portion of them. The 
and any seams which may be found above it, 
turn to a westerly dip upon this area, and at a 
e their crops will come against the fault. 
at, perhaps, be successfully worked in connec- 
’ictou area, and a small portion of the northern 
eral Mining Association. 
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tte to the north and west of the Carmichael 
mpany. The workings consist of a slope upon 
6 feet from the crop, from which a few irregu- 
sen opened and several hundred tons of coal 
is here 28° at surface, increasing to 35° at 
A section of the Acadia seam was measured 
ope, and is as follows, the measurements being 
ght angles to the plane of the seam: 
Acapra Seam. 
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Ft. In. 
Dark brown arenaceous fireclay, compact and bard ; the thickness varies, 
the average being......................sssso.e sosrseesosssse 0 10 
Good coal, finely laminated......... none tenes nes sense 2 9 
Shaly coal and dark brown coarse arenaceous fireclay in thin beds, known 
as SLONE PATLING .... wre ccccnccascccsccccs vovsancssesceseseses 0 9 
Good coal, locally known as the middle bench............,........,.... 2 3 
Dark brown arenaceous fireclay... ..cc ces csccccccvccccccsvercceseces 0 03 
Coarse good coal, giving a reddish ash.........,...,..........sesesssse 1 0 
Dark brown soft fireclay parting........,.... ....s. sors cocsoresosee 0 03 
Good coal with a coarse and somewhat fwisted structure ; the good quality 
of the coal is given on the authority of Mr. French............... 2 4 
17 2 


SECOND SEAM. 


The section of the second scam at the pit a short distance west of the 
Nova Scotia slope, is stated by Mr. French to be as follows: 





Ft. In 
Shale and coal....cccccesscsecssce nn ns anncces . 3 0 
Good coal.. nr secs cee mme sono sonne sssvee 9 0 
12 0 


Nova SCOTIA COLLIERY. 


Until the present season the opening on the Acadia seam has lain idle, 
but the erection of works is now in progress, and it is hoped that the col- 
liery will be in active operation by the opening of the season of 1870. A 
survey has been made and ground broken for a railway, and a wharf is 
being built near the Intercolonial Coal Company’s shipping wharf on the 
Middle River. Itis designed that the colliery shall be capable of ship- 
ping some 600 or 700 tons of coal per day. 

The exact position of the spot where the crop of the Acadia seam will be 
lost upon the West fault, upon this area is still an uncertainty. The seam has 
already been found 396 yards to the north-west of the working slope, and 
could probably be traced a short distance farther. As the angle between the 
strike of the seam and the bearing of the fault is very small, the dislocation 
will encroach but little on the deep coal at this mine, for a considerable 
distance from the slope. In this connection may be mentioned an adit on 
the right bank of McLeod’s Brook near its junction with the Middle 
River, locally known as French’s Tunnel. This was driven for some 
distance eastwardly upon a bed of several feet in thickness of black shale 
and shaly coal, which, at one time, was imagined to represent the Acadia 
seam. This bed is however situated to the west of the West fault, and 
it would appear to belong to the Millstone Grit. As it is supported by a 
Stigmaria underclay it may, in spite of its impurity, be considered a true 
coal seam, but is not likely ever to prove of any value. 
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MONTREAL AND PICTOU COAL COMPANY OF HALIFAX, NOVA SCOTIA. 


The Montreal and Pictou area is situate to the north of that of tho General 1 
Mning Association, to the west of the Sutherland area of the Intercolonial 
Company, and is bounded on the east by the east bank of the East River. 
‘the northern limit of the Productive coal measures upon this area is the 
he of the great North fault, As yet no regular works have been com- 
cenced, though the company have been at considerable expense in sinking a 
fit upon what has been known as the Montreal and Pictoa, or Haliburton 
sam. From verbal information given me by Mr. Haliburton, Managing 
Director of the company, and a journal of progress kept by Mr. William 
Brain, former agent of the company, the following facts with regard to this 
Ft are submitted. 

According to Mr. Brain’s record, the following strata were intersected 1 
n sinking ; the thickness being given vertically to horizon, the dip being 
$.43° E. (or S. 20° E. mag.) < 65°. The descriptions of strata are based 
spon a personal examination of the pit débris : 





Bluish-gray argillaceous sbale 
Compact light-gray sandston : 
Black argillaceous shale and fireclay interstratified with one another 
Coal (bench a)... 
Black carbonaceous frecl 
Sandstone, the colour not give: 
Fireclay with arenaceous bands 
Black carbonaceous shall 
Coal (bench 4)... 
Coarse coal and shale (bench c). 


















At a depth of 100 feet from the surface, a cross-cut or stone drift was 
friven on the underlying measures, intersecting the following strata, the 
measurements being taken on a horizontal line : 1 





According to the record these strata must have been in the disturbed 
measures of a fault, as the section of the shaft shows angles varying from 
30° to 85° of overturn or northerly dip. From the level at 100 feet, the 
thaft was sunk to a depth of 177 feet, without getting the benches of coal 

x 


ross-out. 
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Croes-cut and 
bore-hole. 
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d and e, and in the bottom of the shaft a bore-hole was put down 274 feet 
further, passing through sandstones, shales and fireclays only. At a depth 
of 163 feet from the surface a cross-cut was then driven from the shaft to 
bench a, passing through bench 6, which was only five feet in thickness. 
With regard to work done in this bench, the following information was 
obtained from Mr. Haliburton; the workings, being full of water at the 
time of my visit, could not be examined. 

‘ The upper bench (a) where cut by the stone drift from the pit was ten 
feet six inches in thickness, yielding three and a-half feet of workable 
coal ; upon this bench a level was driven seventy yards south-west. The 
thickness was at one time reduced to two and a-half feet, after which it 
increased to twenty-five feet, yielding fourteen and a-half feet of work- 
able coal, the size increasing and quality improving going westward.” 

“ At sixty yards west of the pit a stone dmft was driven across the dip 
through the underlying measures eighty-four feet, and a bore driven 
thirty-four feet farther without meeting any of the lower benches (6, c, d, 
e) of coal. The strike at the western face was due west (or 8. 67° W. 
astronomical) and turning rapidly toward the north-west.” 

In driving the western drift twelve feet of dark brown carbonaceous 
fireclay were intersected, of which some 300 tons were taken out and sold 
to the Crown Brick and Pottery Company, of New Glasgow, at 30.75 per 
ton, and I am told proved of very good quality. Eastward from the 
Montreal and Pictou pit the upper bench (a) was found to rapidly thin 
and deteriorate, and work in that direction was soon stopped. 


In explanation of the facts just given it can only be said that it is pro- 
bable an east and west dislocation runs quite near the Montreal and 
Pictou pit, bringing the lower benches (6, c, d, e) into the position in 
which they were found, the exact direction and dowthrow of which have 
not been properly observed while the workings were in progress. 

A small seam has been proved upon this area upon the old road to Fra- 
ser Ogg’s quarry, the thickness of which is given by the Montreal and 
Pictou Company’s record as eighteen inches. The coal from this pit 
resembles the Stellar oil-coal from the Fraser mine of the Acadia Coal 
Company, and burns in much the same way, igniting with ease and throw- 
ing off small sparks or jets of flame ; and it is possible that it is the repre- 
sentative of the Stellar seam on the north rise of the Albion trough. Its 
stratigraphical distance from the Montreal and Pictou seam appears to be 
about 200 feet, but with the possibility of intervening dislocations this 
may be far from correct. 

I have already alluded to the possibility of coal beds being found over- 
lying the Montreal and Pictou seam, and to several unproved crops which 
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wsed Oil-coal ; one, probably represent 
1 the old quarry road, near the brick-y: 
Pictou pit. 


) HALIBURTON’S CULTON AREA. 


the west of the East River, either who! 
workable coal seams, there remains to 
ea, lying to the south of the Intercolon 
N . 


en described. This opening, with a bo: 
xistence of a seam of six feet in thickne 
on the northern portion of the area. T 
8 already been alluded to, and if, as in 
quivalent of the Main or Acadia sea 
ms of Section 4 should underlie a sm 
poruuu ui wc ava pruvauy wvunded by the West, the South, and { 
McCulloch-brook faults ; but as no openings exist upon any auch sea 
o statements can be given of their size or quality. 

In conclusion I would state that an Appendix to this Report isin course 
reparation, in which descriptions and analyses of the different coals of à 
2gion will be given, together with the results of such practical trials 
1eir economic value as steam and gas producers as I have been enabl 
» make ; together with a collation of many facts and analyses already pi 
shed which could not be conveniently introduced into the body of t 
‘eport. In the Appendix will also be noticed several deposits of iron « 
1 Pictou county, which have received examination during the past t 
>a8ons, with assays and analyses of the specimens obtained from them, 

I have the honour to be, 
Sir, 
Your most obedient servant, 
EDWARD HARTLEY. 

















REPORT 


oF 


MR. ROBERT BELL, F.G.S., 


ADDRESSED TO 


SIR WILLIAM E. LOGAN,F.R.S., F.@.8., 


DIRECTOR OF THE GEOLOGICAL SURVEY, 
Kinaston, April 20, 1867. 


Srz,—I beg leave to report that in pursuance of your igstruotions I 
proceeded in the month of June last to make a geological examination of 
Cockburn, Drummond and St. Joseph’s Islands, as well as some additional 
surveys on the western portion of Grand Manitoulin Island, in continua- 
tion of the work of the previous season. Mr. Murray having ascertained 
the main geological features of these islands, it was only necessary for 
me to trace the boundaries of the formations in more detail. I was assisted 
in these explorations by Messrs. W. W. Kirkpatrick, John Cadenhead, 
J. G. Francis and Dr. John Bell. The last named gentleman also made a 
botanical reconnaissance of the islands, and a list of the plants collected and 
sbserved by him is given in the Appendix. 


TOPOGRAPHY, SOIL AND TIMBER. 


The principal addition made to our knowledge of the topography of Lakesof Grand 
Grand Manitoulin Island consisted in determining the position, form and 
dimensions of Lake Mudgee-manitou, a shallow sheet of water about five 
niles long, with deep bays, lying between Lake Kagawong, which was sur- 
veyed last year, and Gore Bay. It was proved beyond a doubt that this 
lake empties into Lake Kagawong. The outlet, whose course I traced all 
the way, is a brook sufficiently large to be navigated by canoes, except in 
I 
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low water. Having also fixed with more accuracy the position of the 


Niagara escarpment from Lake Kagawong to Lake Wolsey, another prom- | 


inent feature is added to the map of the island. The best soil in this, as 
in other parts of Grand Manitoulin, is found along the out-crop of the red 
marl band. 

The interior of Cockburn Island was carefully explored. The surface 
in this island is generally rolling. In the centre, which appeared to be 
the most elevated part of the island, the higher ground consisted of yellow 
sand, supporting a growth of sugar-maple, beech, red oak, and other hard 
woods. The sand appeared to be underlaid by boulder drift, and was deeply 
cut by the channels of brooks. The limestone rock was exposed only in 
some places. The lower levels, forming aconsiderable portion of the whole 
area, were occupied with tangled cedar swamps, very difficult to penetrate. 
Here and there we met witha shallow lily-pond, surrounded with open 
peaty meadows, but upon the whole, the island cannot be said to be well 
watered. Onapproaching the shore from the interior, ridges and terraces 
of sand and shingle were found at different levels all round the island. 
Unlike Grand Manitoulin, the woods have not been seriously injured by 
sweeping fires. 

Drummond Island lies lower than any of the other islands of the Mani- 
toulin group. It is almost useless for agricultural purposes, the surface 
being nearly altogether rock and swamp. A number of ponds are found 
in the southern part and one brook in the northern. On the north-east 
side the water is deep and free from obstacles, but on the north-western 
and southern sides it is shallow and much interrupted by reefs and small 
islands. 

St. Joseph’s Island is remarkable for the immense accumulation of drift 
which is piled upon it, obscuring the underlying rocks. In some places 
it rises to upwards of 300 feet above the level of Lake Huron. The island 
is nearly all well wooded, chiefly with hard maple, but the soil is light and 
stoney. Unlike the other islands, very few ponds occur upon it, and numer- 
ous small brooks run down into the lake on all sides. 


GEOLOGICAL STRUCTURE. 


In my Report of last year it was shewn that a serics of low anticlinals 
traverses the Grand Manitoulin Island from north to south, and that, ovying 
io the action of denuding agencies, these have given rise to the deep tyays 
along the northern side. The channels separating the various island:3 of 
the Manitoulin group have been formed in the same way. The uniforr.nity 
which thus pervades the whole chain may be perceived by an inspec; tion 


iT 
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annols between the different islands being merely deeper 
rming the bays of the Grand Manitoulin. The massive 
Niagara formation constitute, as it were, the back-bone 
lin, Cockburn and Drummond Islands, as well as of the 
1 Lake Huron and Georgian Bay, on the one hand, and 
lake and the St. Mary’s River on the other. The dip of the 
re towards the centre of Lake Huron, and the inclination 
» being estimated, on an average, at from forty to fifty 


»—In the broader portions of Grand Manitoulin, the 
River and Utica formations and the Trenton group 
sion from beneath the Niagara strata. The Trenton for- 
‘the most northern points of the island, and its continua- 
merous small islands at about the same distance from the 
f the Huronian rocks forming the north shore of Lake 
way westward to St. Joseph’s Island, across which it 
3 the state of Michigan at Neebish Island. As stated 
Canada, page 196, limestones of this group are found 
; (the north-east extremity of St. Joseph’s Island) and 
vandstone of the Chazy formation on Campment d’Ours ; 
1 this region being much obscured by drift, no mew facts 
ve been discovered. 
*mation has not been met with, in place, west of Maple 
Manitoulin Island) but its position at the summit of the 
ited on St. Joseph's Island by loose fragments of the 
shale. 
Formation.—The edge of the plateau formed by the 


rmation presents itself in a high bluff all along the north ™ 


nitoulin from Maple Point to Julia Bay. Gore Bay, in 
in adeep notch cut out of the plateau. The strata are 
the bold escarpments on either side of this bay. The 
+ the rate of about one in fifty, is here quite perceptible. 
lebris obscure the outcropping edges of the beds in some 
lowing section, from the water’s edge upwards, was not 
aight line, but by connecting two exposures lying close 
id is presumed to be almost as correct as if measured 
was obtained on the east side at the entrance to the 
at the level of Lake Huron. 


Ft, In, 
b-grey argillaceous and finely arenaceous shale—bands of 
ad lighter shades alternating—crumbling and wasting away 
der the influence of the weather, interstratified with beds 
shes thick and from two to fifteen feet apart, of fine grained 
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| Ft. In. 
grey shaly sandstone and bluish-grey limestone. The limestone bands 


are composed of comminuted organic remains, principally small corals, 

but in addition there were observed a small trilobite, a Leptana, an 

Orthis, and Ambonychia radiata, The sandstone bands hold Modiolopsis 

modiolaris........ oe cece cece rere ene n ones essences 81 90 
2. Soft fine grained bluish-grey calcareous sandstone and finely arenaceous 

limestone in beds from one to six inches thick. The surfaces are 

UREVEN. woo cvecccee cacecccceseseen cocce cee veceecseseeescsere 6 & 
3. Measures concealed. ...... ceccsccnsccccccccccceresssscssseccscccsese 80 OB 
4. Mottled drab and grey soft argillaceous and finely arenaceous limestone, (the 

more calcareous portions being finely crystalline and gray). The beds 

are from one to six inches thick, in bands of from two to four feet, 

alternating with others ofabout the same thickness, of crumbling bluish- 

drab finely arenaceous shale with nodular calcareous seams. Both 

the soft and hard bands are unevenly surfaced and of a nodular char- 

acter. The fossils are Petraia, Stenopora fibrosa, Orthis lynx and a 

smaller species of Orthis, a large Atrypu, an Avicula, a Strophomena 

and an Orthoceras. een nes nno rose cesses cececssssesese 26 §& 
5. Dark drab-grey soft brittle fine grained arenateous somewhet crystalline 

limestone, in beds from one foot three inches to three feet six inches 

thick. It holds a small silicified Orthis.....,..,.,.....,...,,... 10 6 
6. Greenish and bluish-gray soft finely arenaceous limestone, in beds from 

one to three feet thick, separated by layers of bluish-grey shale from 

two to ten inches thick. The limestone holds nodules of white gyp- 


sum from two to three inches in diameter.......0.scecccossevese. 27 F 
7. Brownish soft anevenly surfaced earthy looking limestone, in beds of about 
two inches..... ..e.se Serosese ee 8% eset na eee tsenesta®eaages esta 8 8 


8. Brownish-drab and grey limestoue in uneven beds from four to ten inches 
thick. Fresh fractures present a mottled drab and gray color, 
the grey patches having a crystalline and the drab an earthy appear- 
ance. The beds contain rusty cavities lined with rhombohedral crys- 
tals of calcareous spar. The fossils are S/romatopora concentrica and 
favosites Gothlandica, Near the top is a nodular shaly layer holding 
iron pyrites, which, on decomposing, stains the face of the cliff with 

red oxide Of irOD....ccsececccvsecsccees bee carenscoses cccccserese D 3 
9. Brownish and drab-grey thin irregularly bedded or shaly limestone holding 
Stenopora fibrosa, silicified and abundant, together with cavities lined 
with calc-spar crystals. This band forms the crest of the main escarp- 

ment .s..sssososossoesvossr ee cccececvesserccsecessescovessese 8 DO 
10. Brownish and purplish-grey uneven surfaced limestone, mostly in thin beds 
(the thickest being nine inches). Some of them are very dark 
and bituminous. The mass weathers yellow, and holds abundance 

of Stenopora fibrosa in a silicified state.........cesecceccescccsccess 37 6 
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Second esoarp- This last mass (10) rises at a short distance back from the main 
escarpment in a second cliff above it and, gradually approaching, at a 
point half a mile nearer the head of the bay than the locality at which the 
previous portion of this section was meagured, it joins the main escarpment 
and is added to its height. 


| 
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About a hundred yards still further back, and after an interval 
concealment of about seventeen feet, a third terrace rises to the height 
twenty-eight feet, but appears to gain in elevation as it recedes eastwai 
Tt consists of soft brownish and buff-grey thinly bedded bituminous limestor 
having a conchoidal fracture, and holding small irregular chalky nodul 
The fossils, which are mostly silicified, consist of several species of ( 
thoceras, Orthis, corals, including Favosites Gothlandica, and the sm 
cystidean which elsewhere on Manitoulin Island characterizes the Clint 
formation. This terrace is considered to form the base of this formati: 

Proceeding westward from Cape Robert, on the Grand Manitoulin, { 
Hudson River formation is next met with along the north side of Dru 
mond Island, where the upper beds, which are, as usual, of a massi 
calcareous nature, form a strip about seven miles long and two broad. ! 
Sulphur Island the Hudson River shales lie upon the Huronian roc 
(Geol. Can. page 219). Most of the small islands between Chippe 
Point (the northwest extremity of Drummond Island) and St. Josep! 
Island come within the strike of this formation. On the latter island 
isdeeply covered by drift, and no exposure of it has yet been found, 
that its position is, to a great extent, determined by the summit of { 
next lower and the base of the next higher formation. The upper be 
were however discovered in place, on a small island close to its east 
shore, about two miles and a-half north-east of the old Fort St. Joseph, 
the southern point of the island. 

Clinton Formation.— The distribution of the Clinton formation 
Grand Manitoulin from Lake Kagawong westward to where it leaves { 
Island was, by additional observations, more minutely determined tt 
last year. On Drummond Island this formation occupies a strip ratl 
more than two miles broad. The line marking its base runs westwi 
across the island from Colton Bay to Vermont Harbor * As onM: 
itoulin Island, it consists of grey and drab, somewhat argillaceous lir 
stones, mostly thinly bedded. It is characterized here, as elsewhere, 
irregular chalky nodules. Very few organic remains, however, w 
found, and in this respect it would appear to differ from the portion on M 
itoulin. At the summit of the formation the stratum of red marl whi 
on Grand Manitoulin, has been taken as representing the iron-ore band, x 
found in one place a short distance east of Medford Bay: This soft bs 
probably follows the channel between St. Joseph’s and Lime Islands, + 
the existence of a similar marl further west, at Sucker Creek, is refer: 
to in the Geology of Canada, page 821. The formation may be traced fr 
Drummond to St. Joseph’s Island by the fragments of Hudson Ri 





+ Most of the bays marked as “ harbors” on Mr. Whitney’s map of Drummond Isl 
are only boat harbors. 
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rocks found upon a number of the small islands between the two. Its base 
appears to skirt the south side of St. Joseph’s Island as far as Hay Point, 
and thence to strike across the St. Mary’s River to the opposite point in 
the state of Michigan. 

Niagara Formation.—On Grand Manitoulin the base of the Niagara 
formation was followed out, by actual measurement, through all its wind- 
ings from Lake Kagawong to Lake Wolsey, but its position, as thus deter- 
mined, does not differ perceptibly from that assigned to it from the obser- 
vations of last year. From Lake Wolsey, westward, this formation holds 
the shore to the extremity of the island. Leaving the west end of Grand 
Manitoulin, the lower boundary (being the northern geographically) of the 
Niagara strata keeps to the north of Cockburn Island, which, after care- 
ful examination, was found to lie wholly upon this formation. It next cuts 
off the northern part of Drummond Island, passes just south of the southern 


_ point of St. Joseph’s Island and appears to enter the mainland of Michigan 
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near Sucker Creek. Lime Island, on the American side of the interna- 
tional boundary, and a few of the small islands between St. J oseph’s and 
Drummond Islands are situated upon the Niagara rocks. 

Regarding the Niagara formation on Grand Manitoulin Island, nothing 
wortby of special mention, besides the facts relating to its distribution 
already referred to, was observed, in addition to what I had the honor to 
communicate to you in my Report of last year. It was then stated that 
the breadth of the formation averaged nine miles, and the dip, to the south- 
ward, one in forty-five. 

Cockburn Island has a breadth of nine miles from north to south, and the 
dip of the strata being the same as the Grand Manitoulin, the thickness of 
the Niagara formation, of which this island is wholly composed, will here be 
about 400 feet also. Alonz the north shore of the island the rocks (which 
must be near the base of the formation) consist principally of soft buff- 
colored bituminous dolomites, suitable for building purposes, and holding a 
species of Leperditia. They are characterized by a conchoidal fracture, 
which, in natural exposures, parallel to the bedding, gives nse to a succes- 
sion of small depressions resembling plates and saucers in size and form. 
These rocks were referred to in my last Report as occurring at Mildrum 
Point, (the north-western extremity of Grand Manitoulin). The same 
beds have been quarried for a considerable time at Marble Head, (the 
north-eastern extremity of Drummond Island. Interstratified with 
these, on the north side of Cockburn Island, in some places there are found 
slaty and more bituminous bands of a dark color, and in others even- 
surfaced beds of a bluish-grey color, which, if not too soft, may be found 
suitable for flagstones. In the harbour at Thompson’s Point (the northern 
extremity of the island) the buff-colored beds, which vary from two to three 
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tkness, present very rough spongy 
nd internally are full of cavities from tt 
ts of Pentamerus oblongus. The sat 
eds throughout the whole formation o 
as Grand Manitoulin. These soft bitum 
aid by grey uneven surfaced bituminous 
ind full of small lenticular cavities, m 
On the south side of the island, the u 
what bituminous limestone, are seldom 
ad and shingle ; while on the east and we 
Imost continuously along the beach. ‘TI 
them attaining upwards of six feet. M! 
ad of a saccharoidal texture. In the int 
8 the northern side, similar beds are o 
wowever seldom seen in the form of 
ype of the island is the most precipitous, 
t. These thick beds, in general, conta 
ain beds, however, occur at the easterr 
miles and a-half north of McLeod’s Hai 
fied fossils. Among them are two or th 
Huronia, in a good state of preservation 
rmation are by far the most abundant,an 
athered out. At the western extremit; 
ly opposite to this locality, and in a cor! 
oral beds again occur, but none of th: 
à a similar position on the west side of 
»%e specimens of this fossil were foun 
ch along the east shore of Drummond 
False Detour, and in a like geologic 
xamples. 

the Niagara formation has nearly the sa: 
e two islands being quite like one ano 
former has in addition two of the lov 
lide. At Marble Head, the eastern 
: obtained than at any other place upon 
ry a soft drab colored bituminous calca 
onchoidal fracture. The beds varying ii 
dare marked by spongy lumps and by c: 
f quarts. These beds are followed b: 
dark grey and reddish-grey bituminous 
: obscure remains of fossils and the li 
ties, which give the rock a very open: 
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In the Geological Report of 1868-66, p. 29, in describing the structure 
of the country above the Chaudière, the following statement occurs ; “The 
previous work of the Survey had demonstrated the general structure 
of the region, and had shown that between the great overlap fault which 
is the limit of the Quebec group on the northwest, and the overlying 
unconformable Upper Silurian rocks on the southeast, two main anticlinal 
axes, affecting its distribution, were traceable from the state of Vermont 
to the Chaudiére River, and beyond. The more northwestern one of 
these runs from the mouth of the Boyer River on the St. Lawrence, 
through Stanbridge, and the more southeastern from St. Mary’s on the 
Chaudiére by Danville and Melbourne, through Potton, a subsidiary 
anticlinal branching from it at Melbourne, and running through the valley 
of Sutton. Of the synclinal forms resulting from these anticlinal axes, the 
first, or northwestern one, ranges from Farnham through Lauzon; the 
second from St. Armand to Shipton, (comprehending also the subsidiary 
double synclinal of Sutton Mountain) and continues from Shipton to St. 
Mary’s, while the third ranges from the Owl’s Head Mountain through 
Vaudreuil-Beauce.” 

In prosecuting the examination of the structure farther down the valley 
of the St. Lawrence, the axis of the northwestern anticlinal, which, as 
stated above, reaches the mouth of the Boyer River, is found to gain 
Margaret Island, about fourteen miles down the St. Lawrence, and Crane 
Island two and a half miles farther in the same direction. What may be 
its position still farther down the river remains to be ascertained, as the 
few islands to the northeast, which may occur in its course, have not yet 
been examined. 


POTSDAM GROUP. 


The rocks between these two anticlinals, in the country above the Chau- 
diére, belong wholly to the Quebec group; but early in the progress of the 
investigation below this stream it became evident that another series, 
differing in character from those farther west, comes to the surface in part 
of this district. These rocks have heretofore been classed with those of 
the Quebec group, but they appear to underlie them unconformably, and 
being in some places marked by fossils which Mr. Billings considers to be 
of Potsdam age, they are now placed in the upper part of the Potsdam group. 
Described in descending order, and in general terms, these rocks are as 


follows : 
F1. 
1. Light drab quartz rock, weathering white, with a very vitreous looking 


surface, sometimes becoming a gray quartzose sandstone ; both holding 
disseminated flakes of black and greenish shale and occasional pebbles 


vr 
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of gray limestone. The mass is divided into beds varying from sia inches 

to twenty feet, at the janctions of which there is oftena layer of from a 

quarter of an inch to an inch which is calcareous and weathers toa grayish 

browa. At the base there is a thickness varying from a few feet up to 

seventy or eighty feet of conglomerate holding limestone pebbles, 

mingled with a few of white quartz, in a calcareo-srenaceous matrix ; 

in some places the whole is interstratified with beds of black shale, gen- 

erally slightly arenaceous, the shale increasing in abundance toward 

the base............ ee cenerenwesonse ++ 600 
2. Gray sandstones weathering to a drab, interstratified with black and 

gray argillo-arenaceous shales ; some of the beds are from five to six 

feet thick, interstratified with calcareo-arenaceous bands of from one to 

six inches thick, as well as lenticular layers varying from one to three 

feet in the thickest part; these calcareous masses weather grayish-brown. 

The sandstones are often conglomerate in character, with pebbles up 

to half an inch in diameter consisting of white quarts, white feldspar, 

and gray limestone, In many places there appears at the base a con- 

glomerate with limestone pebbles and boulders in a calcareo-are 

ceous matrix ; the thickness of it varies from ten to fifty feet,and thi 

closed masses are generally one or two pounds in weight; some of them, 

however, would reach balf a ton.. 
3. Gray limestones and limestone conglomerates in beds from one to six 

inches thick. These beds are interstratified with black limestones and 

black shales, ag well as with gray sandstones in beds from one to six 

inches thick. A Sallerella was observed in the limestone. The conglo- 

merates are often lenticular, the masses being from one to six inches 

thick and from one to ten feet long. Black nodules, some of them 

phosphatic, are common in the conglomerates. The thickness of 

these beds is about 100 feet, and they are wnderlaid by red, 

green, black and lead-gray shales, and hard arenaceo-calcareous 

argillites, interetratified with gray sandstones, varying in thickness from 
x inches to ten and even fifteen feet; some of the sbales are inter- 
stratified with a few layers of gray arenaceous limestones from two to 
six feet in thickness, associated with the red shales. Lenticular masses 
of limestone conglomerate are occasionally enclosed in the gray lime- 
stones und red shales ; black phosphatic nodules are disseminated in scat- 
tered patches, and a sponge of the genus Archeocyathus was met with 
in the shale 



































700 





The most westerly exposure of this series is brought into position by 8 
undulation or probably a fault, which would meet the Boyer anticlin 
obliquely near the line dividing St. Anselme from St. Henri in the seignioi 
of Lauzon ; and as the rock is at a lower horizon than any on this part : 
the Boyer axis, the disturbance bringing it tothe surface is perhaps, rath: 
than the Boyer, to be from this point considered the main continuation : 
the anticlinal coming through Stanbridge. This most westerly exposu 
is about two miles west of the village of St. Gervais, in the fief La Martinièr 
The rock is a gray moderately coarse-grained hard sandstone ; it is su, 
posed to belong tothe second of the divisions given (2), and what is seenof 
dips to the eastward. In Livaudière, to the west of the village mention 
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an exposure of quartz rock presents itself, likewise dipping to the 
eastward; it would overlie the previous exposure, and is considered to be 
8 part of the uppermost division (1). Strips of this rock occur on the 
road, and to the north and south sides of it, for two miles to the north- 
eastward, and one of the exposures, a mile from the village, and south of 
the road, is associated with a conglomerate about twenty feet thick, hold- 
ing limestone pebbles in an arenaceous base. The breadth, comprehending 
all the exposures here, appears to be about a mile and a half. 

Continuing northeastwardly, rocks of the division 1 are seen occasion- 
ally to within two miles of St. Raphael church, and again on Rivière du 
Sud at Le Sault, which is ten miles from St. Gervais. This last locality 
is in the seigniory of St. Vallier, and about a mile and a quarter north of 
St. Raphael church. The quartz rock of the division 1 is here inter- 
stratified with black shale, and the strata are much affected by overlap folds, 
leaning to the northwest, which are displayed on the river banks, the higher 
and lower dips of the opposite sides of the folds inclining to the south- 
eastward. Strips of the quartz rock continue to the village of St. Pierre, in 
the seigniory of Rivière du Sud, where a considerable exposure occurs. 
About a mile and a-half southwest from St. Thomas there is an exposure 
between the St. Pierre road and the Rivière du Sud, occupying a breadth of 
200 paces, with a dip S, 819 E. < 80°-90° ; and a mile south-east from the 
village there are others, which spread to a breadth altogether of two and a 
halfmiles. They are limited on the southeast side by the red sandstones 
and shales of the Sillery formation. This member of the Quebec group skirts 
the quartz rock all the way to within three miles of St. Gervais, a dis- 
tance of twenty miles, while for the remaining six miles to La Martinière, 
they are bounded by the Lauzon formation. The Lauzon bounds them also on 
the northwest from La Martinière to within four miles of the position to which 
we have arrived, but for these four miles they appear on that side to be 
in contact with the Sillery ; this general arrangement shewing the want of 
conformity between the higher and lower groups. 

The quartz rock makes a much more conspicuous figure below St. 
Thomas than above, and forming bold ridges and hills, it often shews large 
areas of bare white rock. In this direction it passes through Lepinay, St. 
Joseph, Ste. Claire, Vincelot, the south part of l’Islet, and the north part 
of Lessard, as far as the Arago road. The sandstones of the succeeding 
division (2) emerge from beneath it on the northwest the whole way. The 
Arago road, running to the southeast, starts from the coast about a mile 
above the village of l’Islet. On this road these sandstones rise from 
beneath the Sillery formation, about three miles and a tenth from the coast, 
and occupy breadth of two miles and seven tenths to the base of the 
quartz rock, the width of the latter being two miles. The Sillery 
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bunds this on the south-east side, all the way from Lepinay, with the 


exception of a patch of the Lauzon, which covers part of it, and narrows Cape roed. 


he band to less than half a mile on what is called the Cape road, running 
southeast from Cape St. Ignace. 


Following up the quarts rock to the northeast, it is traceable through L'lslet to Elgin 


he remaining portions of l’Islet and Lessard, and through Port Joli and 
rournier to the Elgin road, a distance of twelve miles, flanked on its south- 
astern outcrop by the Sillery almost all the way. The sandstones (2) 
shich rise from beneath it on the northwest, maintain at the summit the 
same course they exhibited above the Arago road for two miles below it, 
and then turning more northward for about two miles, widen out considera- 


fly. They are seen in several places between the Grand Trunk railway 


and the coast, as far as the Elgin road station, before reaching which they 
are spread out northward by undulations, and come upon the coast a short 


distance below the village of St. Jean. Some distance above St. Jean St. Jean. 


the coast appears to be occupied chiefly by Lauzon rocks, but just at the 
ater end of the wharf at l’Islet, there occurs an exposure of sandstone 
associated with limestone conglomerate, which may belong to this division 
(2), but whether connected with that below St. Jean by a continuous out- 
crop under the water it is difficult to say. 

At and near St. Jean there emerges from beneath this division (2) on 


_the coast, and runs through the village, a lower series of strata, the upper 
part of which consists of gray even bedded limestones, accompanied by 
conglomerates with limestone pebbles in a calcareo-arenaceous paste, both 


of them containing black phosphatic nodules, and both divided into beds of 
from an inch to a foot in thickness, and interstratified with black shales. 
These belong to the summit of the next and lowest division, and are 
succeeded, less than a mile above the village, by the following section in 
descending order, belonging to the same division (3): 


Reddish even bedded limestones, interstratified with red shale, the 
red shale becoming more abundant in the lower twenty feet. 30 
Reddish even bedded limestones, in layers of from one to eight inches 
thick, with lenticular patches of conglomerate holding cal- 
careous pebbles in a calcareo-arenaceous paste, the patches 
being from half an inch to six inches thick, and eight feet 


ONF. rene snosen esse soso scene sous 35 
Gray compact slightly calcareous argillite..............s........ 4 
Red shale... cscscccvccccce ccccceccescesesccccscscsstt ossece 5 
Reg and lead-gray shale... ccscscccccccccvcccsvccssvcvesccsces 20 
Lead-gray soft shale....cocscccccsvccccncccncccecvececccses oe 24 


— 118 
To this, about 320 paces up the coast, succeeds the following section, 


which is supposed to be an immediate continuation of the last. 
Gray sandstons.............,.,, sesssesesssoseseessussoessese 45 
Lead-gray shales and gray sandstones....., secoue 60 


Division 8. 
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ok shales, interstratified with gray hard ca leareous 
28 of from one to two inches thick. 






with gray compact layers of calcareous argillite, 
nt in the upper and lower ten foet.............. see 89167 


» coast road over the sandstones (2), the limestones and 
soon again appear, and are traceable to the coast end of the 
ais road runs into the interior southeastward across the 
on it, after passing over some red and green shales, 
d limestones of 8 plunge beneath the sandstones over 
margin of the river. Several minor undulations here affect 
nd the sandstones (2) are seen crossing the road about a 
e beyond the railway station. The quartz rock (1) isseen 
i side of the road, but through the influence of undulations 
\ it nearer than a mile from the depot. About three quarters 
: northeast of the road, the base of the sandstones and 
tz rock are seen within 300 yards of one another, with 
4°. This would give to the sandstones a thickness of about. 
the Elgin road the quartz rock occupies a breadth of a 
in a general synclinal form, with many minor undulations, 
the trough extends to the southwest, with several tooth- 
for about a couple of miles. Farther southeast on the road 
seen for three and a half miles are gray sandstones (2) ; 
bluff occurs on the southwest, forming the extremity of 
h the outcrop of the quartz rock presents itself, turning: 
axis. The flanks of the ridge run southwestward on one 
ard on the other. The area occupied by the quartz rock 
as it proceeds to the southwest, and ultimately, by the aid 
ions, attains a breadth of three miles, forming a high rugged 
dry. 
stribution of the quartz rock and the sandstones, as 
ar been described, it will be evident that we have here the 
synclinal form in the quartz rock, which extends all the 
aborhood of St. Gervais, a distance of about fifty miles, and 
mes to the northwest of it, on the Elgin road, stand in 
anticlinal between this synclinal and another in the quartz 
coast. In the run of the more southern synclinal there is. 
‘ition of quartz rock to the northeast, if we except a small 
‘ing patch, less than a quarter of a mile long and a hundred 
h crosses the Elgin road at the sixth mile-post from the front 
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of Ashford and Fournier, and sinks beneath the Sillery immediately beyond, 
seemingly in the strike of the quartz rock farther to the southwest. This 
may possibly have some outcrop connection with the main area of the 

rock, but there is not at present any means of proving it; and we shall 
therefore now proceed to describe the farther distribution of the Potsdam 

series, as connected with the northwestern synclinal. 

From the Elgin road the sandstones which bound the quarts rock 

of this synclinal on the southeast side, run across various seigniories 
and townships to the Lac de |’Est road, and into Woodbridge, a distance 

of about twenty-five miles, maintaining a pretty regular course, limited all 
the way by the Sillery formation, but gradually narrowing from six to a little 
more than two miles. On the coast the shales of the lowest division (3) 
are well exposed from the Elgin road to the neighborhood of St. Roch, and 
on the beach immediately above St. Roch the even bedded limestones of 8 
have afforded one or two specimens of a fossil, decided by Mr. Billings to 
be a Salterella, about the size of S. Macullochi from the Lower Quarts rock 
of Scotland. Inland from this these limestones appear to alternate with 
the sandstones either by interstratified beds of passage or by undulations, 
possibly by both, as far as the railroad, and a little south of it. The rocks 
of the division 3 are again seen at the mouth of Rivière Quelle, where 
there are gray calcareous sandstones interstratified with a few layers of 

gray arenaceous limestone from two to six inches thick, associated with occa- 
sional red shales. Enclosed in the grey limestones and red shales, there 

are short lenticular layers of limestone conglomerate, with the calcareous 

pebbles of which are mingled rounded nodules, some of which are chiefly 
phosphate of lime; and it was among such nodules as these that 


N. W. syncli- 
nal of quartz 
rock, 


Lac de l'Est 
road. 


Fossils. 


Divisfon 3. 


Phosphatie 


occurred the phosphatic cylinder, mentioned in the Geology of Canada, p. nodules. 


259, and there compared with Serpulites. In one of the pebbles of the 
conglomerate was obtained a fossil form, which Mr. Billings considers to be 
a sponge of the genus Archeocyathus. Rocks of the same character oecur 
in good exposures on the coast from Point Iroquois to Pointe aux Orignaux ; 
thence to St. Denis, and northward atCape Diable. Rounding Kamouraska 
Bay they are concealed, but reappear two and a-half miles above Kamour- 
aska church, and form a ridge from a quarter to half a mile wide, as far 
as the church; but gradually narrowing they disappear under the water 
over a mile beyond it. Half a mile east of the church the following 
ascending section occurs : 


Ft. In. 

Gray limestone conglomerate. ...,.,... PPT TETE TTT TEE Te EEE 5 0 

Red shale. ....ccccccccccc cscs vosctesccmccerscet soneseeeeescence vee 2 0 

Gray limestone conglomerate, with black nodules in scattered patches.... 0 9 
Gray shale with interstratified beds of compact gray limestone of from one 

to two inches thick.....ccccercccccccccsncsccreteservccsvreece 3 0 

Red shale. ..csccnssceccensee o cccccercevecccere Perr rrr rT rrr rrr 1 6 


K 


Section near 
Kamouraska, 


Crow Island. 


Section, Grand 
Island. 


Temiscouata 
Portage road. 
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Pinkish compact limestone with enclosed lumps of red shale.....,..,..,. 1 6 
AT Pmestone conglomerate, se+sersererstssnceeeeces erste sosusseoss 1 0 
Red shale.........ssssosssoeses ee errr soso rr Serr 4 0 
Red shale with thin layers of compact gray limestone. consonnes 0 9 
Red shale with short lenticular layers of gray limestone conglomerate. c…. 5 0 
Green shale with beds of gray limestone of from two to six inches thick.. 30 0 
Red shale with layers of grey hard calcareo-argillaceous sandstone....... 4 9 

68 6 


The rocks on Crow Island, which lies out in the St. Lawrence a little 
over a mile, are greenish-gray red and black shales, the latter interstrati- 
fied with a few bands of gray limestone, holding rounded black nodules, 
which appear generally to accompany them. Burnt Island, which lies 
further out and lower down the river, was not examined, but Grand Island, 
which is still farther down, appears to be formed of the same measures. 
The following section, which is in ascending order on the northeast end of 
the island, apparently crowns an anticlinal axis : 


Ft. In. 
Lead-gray shales, interstratified with some black shales......,,.....,... 18 0 
Gray compact quartzite. . son sonne cases EERSTE eT TT TT ere 1 3 


Lead-gray shale, with yellow weathering calcareous nodules of a sub- 





cylindrical shape and from one to two inches long............... 10 0 

Gray compact limestone...,..............se bene c eee eececcass of eee 0 6 
Lead-gray shale, interstratified with layers of black shale.....,....,.... 25 0 
Lead-gray shale, with yellow weathering calcareous sub-cylindrical nodules. 12 4 
Lead-gray shale with thin black layers.........s...s.ssecsesses eee 5 0 
Gray brown-weathering dolomite ....cccececcscevsccecvoscees eseneces 0 4 
Lead-gray shales with black shale layerd...cocessccsccacccctsccseseses 50 0 
122 1 


All the strata seen on the island resemble those of this section, and the 
rocks on this and Crow Island shew a well marked cleavage, the underlie of 
which is 8. 44° E.<65°. On an island, apparently in the strike of Crow 
Island, there is a band of light gray pure limestone from ten to twenty feet 
wide, associated with lead-gray shales resembling those of the section. 

On the coast these shales and limestones (3) are not seen from the spot 
mentioned near Kamouraska to a position some five or six miles below the 
village of St. André. Here they run along the margin of the river in a 
narrow strip to a point nearly two miles below the Temiscouata Portage 
road in the seigniory of Riviére du Loup, and they appear to be overlaid to 
the southeast by the Lévis formation, shewing some of its graptolites, and 
by the Lauzon heyond. 

The limestones and shales of 8 again appear at the point outside of 
the mouth of River du Loup, and they are seen on that on which the village 
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ated, from which they extend about two miles beyond. Cscouna. 


ypear to be covered by the gray sandstones (2) and the 


but they appear on the coast opposite Trois Pistoles, just Trois Pistoles. 


gray sandstones (2) northeastward from the Elgin road 
vin all cases true to their position between the limestones 
nd the quartz rock (1), as far as Trois Pistoles and 
iartz rock below the same road, spreads out greatly 
a little before reaching the line between the seigniory of 


1ais and Ste. Anne. Just west of that line, however, the gt Boch and 


covers it up, except where two elevated domes of no great 
of two small anticlinal folds, protrude through the newer 
tern edge of the quartz rock, farther north, through the 
lar undulations, shews nine long projecting synclinal points 
1e coast some distance above Ste. Anne village. 


of the effect of these numerous subordinate undulations Subordinate 


synclinal in the quartz rock, which has its axis two or 
2e8 to the southeast of the Ste. Anne college, and is trace- 
course of S. 60° W. to near the coast, five miles distant. 
ist two miles of this distance the breadth of the synclinal 
8 not exceed 250 paces. These undulations produce many 
ills, rising on the anticlinal crests to heights of from 200 to 
» plain. From the point of the long synclinal form which 
tioned to a position about two miles below St. André no less 
aty projections of a similar character, though less in length, 
J run of the quartz rock, giving it on the map the figure 
hile between these synclinals the quartz-shielded anticlinals 
8 like islands from the clay-covered plain, giving to the 


t not seen anywhere else. In the neighborhood of Ste. Ste. Anne 


f these mound shaped masses. One is on the north side 
> and a-half miles above the Ste. Anne station. Another is 
de of the road, two miles along the road, and seven-eighths 
utheast of it. This one rises to a height of 504 feet above 
37 feet above its base. A third rises with a height of 250 
to the west of the village, giving to this, with its college 
a very cozy and sheltered aspect. 

‘ection was obtained at the last named hill, and may be con- 
correct representation, in ascending order, of the great 
«rock (1), wherever it was seen: 


Fin. 
» conglomerate holding pebbles of quarts and limestone, 
he latter being by far the more numerous, and varying in size 
eighth of an inch to one and two feet in diameter. The 





Sigh falls. 
River du 


Loup 


dé 
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Ft. In. 
pebbles are imbedded in & very arenaceous limestone ; on account of 
the débris and bushes at the base of the hill the thickness is some- 
wbat uncertain..... PETTET eee c ccc c cer ons sssssessonsssrss 80 © 
White quartz rock in one bed, with brown-weathering calcareous masses of 
irregular shapes and not sharply defined.........ceeccccevcccnes 6 © 
White quartz rock in one bed, with calcareous masses of the same character 
as before, some of them three and four feet in diameter,........... 11 6 
White quartz rock as before, in one bed...,..., ....sessssesosoceseee 4 0 
White quartz rock of the same character, too much broken to determine the 
thickness of each bed.....ccccccccccccesces consscceervsccseses 130 © 
White quartz rock of the same character, in seven beds of from’ three to 
eight feet thick.....cceccccceccrcccceces csssosorossonsesses 50 2 
White quartz rock, approaching in character a quartzose sandstone, in 
several beds. .wecccsccsersccscesccccccscccccccesccseeccsesses 24 O 
White quartz rock in eight beds, varying in thickness from three and a-half 
to thirteen feet... crccerccvccccesccsccccrsvcce cccesesasesees 66 0 


Measures concealed...ccwccccccncccescnccscccscscccccscscscecsesees. 12 O 
White quartz rock, with thin lenticular patches of a calcareous character 

conformable with the bedding, occurring at intervals of from two to 

six feet, the whole forming one bed..............., ecccececsseee 21 6 
White quartz rock, in two beds of three and five feet respectively......... 8 0 
Brown calcareous sandstone in two beds.......,..,.......e.s osossecse Il 6 
White quartz rock, without calcareous matter, in several beds..........,. 65 © 
Gray quartzose sandstone, in one bed........ soso snsssmonensesses 10 6 
Measures concealed, supposed to be black shale........,..,,...e...0. 13 0 
Gray sandstones, partly concealed...........,........... cocceessesee 14 0 
Gray thin bedded sandstone............ cece conccccnccsvesvescessects 7 0 
Black shale dipping N.10° W. < 63°... cccecsccccccrccecsccrecsuenes 4 6 
Measures concealed, probably black shale. .......200 sccsecccsecesesses 21 © 
Black shale with interstratified gray hard arenaceous beds from one to 

two feet thick. ....cccccsecrveccccccc, seve ssssssesoss esse. 31 Ô 


Measures concealed, but supposed to be black shale and interstratified 
BADGSTONG.. cocccccccnevcecnesecccccvcccs scence secececcececece 15 0 
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The northern edge of the quartz rock (1) leaves the coast at St. Anne, 
and the strata are exposed, as has already been indicated, in a number of 
ridges, many of them remarkably bold, through St. Denis and Kamouraska, 
regaining the margin of the river about two miles below Kamouraska 
church. In consequence of the undulations the quartz rock is seen alternately 
with the sandstones (2) nearly all the way. They continue thence to Ste. 
Anne, and about three miles below the church of that village appear 
to sink under the Lévis and Lauzon formations. The quartz rock is again 
seen in à narrow strip which crosses the River du Loup below the High 
falls, while the sandstones associated with black shales (2) come from 
beneath the quartz rock lower down the river, and are exposed to its mouth. 
Below River du Loup the sandstones are exposed almost continuously to 


Green Island the mouth of the Green Island River, and extend along the coast still fur- 
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ter to the mouth of the Trois Pistoles, the Potsdam rock being limite 
athe way on the southeast by the Lauzon formation. 

On the south-east side of the more northern synclinal we have alread: 
followed the sandstones (2) to Woodbridge. Here trending more northwart 
they turn round the end of asynclinal promontory of quartz rock, and ther 
striking again north-eastward they cross Woodbridge, Granville, th 
adjoining parts of l’Islet du Portage and Bungay, and reach the Pohene 
gamook road, where they are upwards of a mile wide, and to which they 
are bounded on the south-east side by the Sillery. On the north-wes 
they are limited across Woodbridge by the Lauzon formation, which, mort 
t the westward, lies in a broad belt between the opposite out-crops of thi 
general quartz rock synclinal ; but across Granville and l’Islet du Portagi 
they are limited by a somewhat narrow strip of quartz rock, which then 
eaerges from beneath the Lauzon, but sinks beneath it again in Rivière di 
Loup, upwards of a couple of miles from the south-west line of that sei 
guiory. 

The quartz rock again emerges from beneath the Lauzon a little farthe 
on in Rivière du Loup, and, accompanied by the sandstones (2) on thi 
south-east, runs across the remainder of Rivière du Loup and the Temis 
couata road, where the line between these divisions (1 and 2) strikes nea 
the six mile post. Farther on, these divisions cross the north part o 
Whitworth, the west corner of Viger, and disappear north of Fraser’s mill 
on the Green Island River, near the line between the last township men 
tioned, and the seigniory of Cacouna. They here sink beneath the Lauzor 
formation, which bounds the Potsdam rocks on both sides, from the middl 
sf Rivière du Loup, and thus covered up they probably form the extremit; 
of a trough. 

On the north-east side of the Green Island River, in the seigniory o 
Isle Verte, about two miles from the south-west boundary, and eight-tenth 
ofa mile from the coast, the quartz rock (1) again occurs, followed o1 
the south-east by the gray sandstones (2) which as already stated, appea 
also on the coast in this neighborhood, thus giving to the quarts rock : 
synclinal form, and in this arrangement itis pretty generally seen extend 
ing to Trois Pistoles River. This is as far as the examination reache: 
on the coast, with the exception of work extending about fifteen miles t 
the north-east, to connect the details of which, would require farthe 
investigation. 

In addition to the Salterella met with in the even bedded limestone: 
(3) near St. Roch, the following fossils were obtained from the limeston 
pebbles of the conglomerates interstratified with the quartz rock (1) an 
those of the sandstones (2), in procuring which I was much assisted b; 
Mr. T. C. Weston, whose painstaking perseverance and success aa : 
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wa to you. One of the localities which proved fruitful 
at a mile north of the St. Denis station of the Grand 
» conglomerates at the base of the quartz rock at 
alterella rugosa, and undetermined species of Theca 
mdescribed species of Crania and Metoptoma, an 
Olenellus Thompsoni, Conocephalites Thompsoni and 
of trilobites. From limestone pebbles of the conglo- 
rith the sandstones (2), at this place, in addition to 
yathus was obtained, with new species of Discina and 
: desquamata, as well as new species of Bathyurus, 
reont. A third and last locality is Bic Harbor ; the 
the pebbles of which the fossils were here obtained are 
1e same horizon as the previous one. The fossils are 
‘a, Kutorga cinguluta, new species of Discina and 
ugosa, Olenellus Thompsoni, a new species of Bathy- 
ctus, Conocephalites Adamsoni and several other 
of undetermined genera. The whole of the fossils 
en determined by Mr. Billings. 


QUEBEC GROUP. 


ins to be said of the divisions of the Potsdam group ; 
ocalities in which they where observed will be more 
ted with the description to be given of the distribution 
the Quebec group, many allusions to which have 
been made in what has been written above. The 
fthe rocks of the Quebec group have been so often des- 
Reports that it is not considered necessary to repeat 
occasion, and the only allusion I shall here make to 
ae fact that in proceeding north-eastward from the 
gnesian deposits of the Lauzon division gradually 
y die out, and the metalliferous ores which rendered 
able disappear with them, leaving a barren prolonga- 
‘gillaceous part to represent the formation. In this 
agnesian deposits are continued farther on the south- 
north-west, and while the general strike of the series 
i, the line limiting the magnesian and metalliferous 
> nearly east, at length becoming covered by the uncon- 
lurian series, which bounds the whole group on the 


dy stated that the Bayer anticlinal axis reaches Mar- 
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garet and Crane Islands, the former about fourteen miles down the St. 
Lawrence. On Margaret Island, the probable base of the Lauzon forma- 
tion presents a series of glauconite shales, similar to those of the Island 
of Orleans, from beneath which shales of the Lévis emerge, characterised 
by the frequent occurrence of graptolites, most of which are obscure, but 
among them there were procured one or two specimens of Phyllograptus 
angustifolius. These formations were again underlaid by unconformable 
black shales interstratified with bands of hard compact calcareo-arenaceous 
argilhtes, similar to those already described in divison 4 of the Potsdam 
series, 

On Crane Island, the Lévis shales with graptolites are seen on the 
south-east side, but the main body of the island consists of the red and 
green shales belonging to the Lauzon. On the west end of the island a 
band of sandstone occurs, running north-westward, transverse to the gen- 
eral strike of the Quebec group measures, and probably belongs to the 
unconformable Potsdam beneath. 

Grosse Isle, lying to the north-west side of the Bayer and Margaret 
anticlinal axis, is composed of red and green shales, alternating with green 
glauconite shales inclosing irregular masses of gray limestone, belonging, 
as before, to the Lauzon formation ; but on the north-east eng of the island 
there is a band of conglomerate of twenty feet thick, which, from the pre- 
ponderance of calcareous matter, would altogether make a tolerably pure 
limestone. The pebbles are small and consist of a compact gray lime- 
stone mixed with many small black nodules, some of them probably phos- 
phatic. The matrix is a gray, yellow-weathering, slightly arenaceous 
limestone. In the absence of fossils it is difficult to decide whether the 
mass belongs to the Lauzon or to one of the divisions of the Potsdam 
series. Its relation to the shales is not always the same over the quarter 
of a mile in which it is exposed, so that it may belong to the inferior group. 

On the southeast side of the Bayer anticlinal and of the Lévis beds, which 
it brings to the surface on the Bayer River, the Lauzon presents itself, 
occupying the coast from St. Vallier village to Berthier and a mile below. 
From this it runs in a narrow strip to the south-west between the Lévis 
and the Sillery formations to La Martiniére, where it rounds the end of the 
Sillery, turning under a synclinal axis, and running towards St. Thomas, 
occupies a place between the Sillery and the Potsdam rocks, as has 
previously been described. 

The synclinal belt of Sillery, whose relation to the Potsdam rocks has 
been already given, runs north-eastward to the vicinity of the line between 
the seigniories of l’Islet and Port Joli. The rock then folds over an anti- 
clinal axis at the St. Ignace station of the Grand Trunk railway ; from 
this, minor undulations carry it northward to the village of St. Ignace, 


Glanconite 


Graptolites. 


Crane Island. 


Grosse Isle. 


Limestone. 


Berthier. 


Sille oli- 
a ry 672 


, ER LES ESS 
LE ‘= FD Ay 
o - Le. . ’ . 


Sillery forma- 
tion. 


St. Pacôme. 


Ste. Annc. 


St. Alexandre 


Lauzon and 
Lévis. 


Fossils. 


132 GEOLOGICAL SURVEY OF CANADA. 


and it occupies the coast from this to within a mile of Berthier. The 
Lauzon comes from beneath it at the St. Ignace station, and this formation 
occupies the coast down to the position in which it has already been indi- 
cated near St. Jean. 

Of the Sillery formation nothing more is seen on the coast until reaching 
the neighbourhood of Cacouna, between which and the mouth of Green Island 
River it occupies the coast for about eight miles, with a probable breadth 
of about a mile and a half; but the Lauzon, as has already been indicated, 
lies in à synclinal belt on the north-western trough of quartz rock, stretch- 
ing sixty miles down the valley of the St. Lawrence. The south-western 
end of this belt occurs near the line between the seigniories of St. Roch 
des Aulnais and Ste. Anne, and the rocks of the formation cross Ste. Anne 
with a very variable breadth, overlapping the Potsdam to a greater or less 
extent in different places. Near the River Ouelle station, at St. Pacôme, 
they almost entirely cover up the quartz rock on its north-west out-crop, 
while they lie in patches in their run from this towards Ste. Anne. One 
of these patches underlies that village, where the strata, consisting of red and 
green shale, with a few beds of gray limestone, are seen around the church. 
North-eastward of the River Ouelle they are seen across St. Denis and 
Kamouraska seigniories. About three miles and three quarters eastward 
from the St. Pascal station, in the latter seigniory, in a brook close to the 
railway, a few obscure graptolites were met with in black shale, with red 
and green shale on the north-west, and gray sandstone on the south-east. 

Crossing Granville, exposures of the Sillery formation occur about a mile 
south-east from the station of St. Heléne, on the line between Granville 
and Islet du Portage. They here form the south-western extremity of a 
trough, the north-west line of which crosses the railroad about two miles 
below the St. Alexandre station, where the trough has a breadth of about 
two miles. The Sillery trough terminates in this direction about a mile 
south-east of the present end of the Grand Trunk railway, at the River du 
Loup station. A pretty broad band of the Lauzon formation limits the 
trough on each side, the relations of which to the Potsdam rocks beyond 
have already been described. 

On the north-west side the base of the Lauzon runs somewhat close to 
the coast, and three miles south-west from the Portage church the black 
shales of the Lévis appear, cropping out from beneath, and shewing, by 
the effect of undulations, for a breadth of nearly two miles. South-east 
from the church, near the top of an escarpment that runs along the coast, 
in beds supposed to be somewhat higher than the Lévis, columns of 
crinoids were observed, as well as a small Discina, and fragments of an 
Orthis or Rhynchonella, but too obscure to be specifically determine d. 
This escarpment of Lauzon, with probably a little of the Lévis at its base, 
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in its prolongation to the north-east forms the precipice of the High Falls of 
the River du Loup, and overlies the quartz rock ofthe Potsdam below. The 
distribution of the Lauzon farther on has already been given in describing 
that of the Potsdam rocks, and need not be here repeated. In Villeray, 
on a small brook falling into the Green Island River on the left bank, 
black shales, holding disseminated nodules of iron pyrites, and pro- 
bably belonging to the Lévis formation, protrude through the Lauzon on 
the axis of an anticlinal. 

There is a great sameness in the lithological characters of the Lauzon 
throughout the region examined. It consists in general of green and red 
shales, with bands of gray quartzose sandstone becoming white by exposure 
to the weather. These arenaceous bands seldom exceed twenty or thirty 
feet in thickness. In some places the green shales become very arena- 
ceous, and they are occasionally characterised by bilobated fucoids, resemb- 
ling those occurring in the sandstones of the Chazy formation on the 
Grenville canal and at other places in the valley of the Ottawa River. 

Throughout the whole distribution of the Lauzon thus far described thin 
bands of gray arenaceous limestone are frequently interstratified with the 
red and green shales. There are beds of thischaracter, more conspicuous 
than usual, where the fossils mentioned were found near the Portage 
church, and a section met with about half-way between the Portage road 
and the village of River du Loup, three hundred paces north-west from 
the second range road of the seigniory, where the strata dip S. 70° E.< 
75°—8T°, may be given as an example of their greatest development. Here 
fifteen feet of gray, tolerably pure limestone, with obscure bivalve shells, 
one of them an Orthis or Rhynchonella, are surmounted by twenty-four feet 
of gray, yellow-weathering, and probably magnesian limestone, with large 
and small spots that remain gray, giving a mottled aspect to the whole. 

On both sides of the River du Loup, near the railway station, there are 
met with some moderately pure limestones, passing occasionally into lime- 
stone conglomerates. In the locality on the left side, the same obscure 
Orthis or Rhynchonella as before was met with. Along the road between 
the second and third ranges, a little north-east of the line between the seign- 
iories of Riviére du Loup and Cacouna, there is a set of limestone con- 
glomerates,interstratified with gray calcareous argillites and red and green 
shales, underlaid by a band of white quartzose sandstone of undetermined 
thickness. In the matrix of the conglomerate, which is a limestone differing 
very little in aspect from that of the pebbles, a coral was obtained, which 
Mr. Billimgs considers identical with Stenopora fibrosa, and an unnamed 
Orthis, the same as a species that occurs in the Lévis formation. The 
calcareous argillites yielded an Ophileta, and portions of a Lingula, 
with fragments of graptolites and trilobites. On one of the slabs along with 
these fossils a few specks of green carbonate of copper were observed. 
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The general course of the second main anticlinal from St. Mary’s to 
the Temiscouata Portage road has been already indicated, and it now 
remains to describe the distribution of the Quebec group mm the synclinals 
on each side of it, between the Potsdam series on the one hand and the 
Upper Silurian on the other. 

In the north-western of these synclinals the Sillery, which is the highest 
rock, commences in a point in Ste. Marguerite, about a mile south-west 
from Ste. Marguerite church. From this the formation widens out rapidly 
to the north-east in Joliette, and in crossing the Etchemin River its breadth 
is two miles and eight-tenths, its northern limit being a little below Ste. 
Claire. On the line between Joliette and Buckland it is somewhat wider, 
its northern limit being on the fifth and its southern on the sixteenth lot, 
both of the first range of the township. On the St. Gervais road, in 
Livaudiére, its width is nearly four miles, ita north-west edge being about 
a mile north-west of St. Lazare, and its south-east on the fifteenth lot of the 
third range of Buckland. From this the northern base gains rapidly to 
the north, and when it comes upon the quartz rock of the Potsdam series, 
about three miles north-east of St. Gervais, its breadth to the eighth range 
of the Augmentation of St. Michel is ten miles. 

The Lauzon, coming from beneath the Sillery at the junction of the 
latter with the Potsdam rock, skirts this rock, as has heretofore been 
stated, to its termination in La Martiniére, occupying a synclinal form, 
which extends to a point some miles beyond the Etchemin, and lies between 
the undulation or fault bringing up the Potsdam, and a minor anticlinal, 
which carries the black shales and limestones of the Lévis formation from 
St. Anselme on the Etchemin to the St. Gervais road, nearly a mile south- 
east from the village of that name. On the south-east side of this minor 
anticlinal the Lauzon has a direct breadth of four miles on the Ktchemin, 
to the vicinity of Ste. Claire, and fills up the space between the river and 
the Sillery. Without reference to its figure in the north part of Joliette 
farther south-west, between the Etchemin and the Chaudiere, it crosses the 
former stream, and follows the undulating run of the Sillery to the termi- 
nation of this beyond Ste. Marguerite. It thence attains the Chaudière, on 
which it has a direct breadth of about three miles, in the form of a synclinal, 
its northern base being about a half a mile below, and its southern two and 
a-half miles above the village of St. Mary, the Lévis formation emerging on 
both sides beyond it. Between the Lévis and Sillery, on the south-eastern 
side of the latter, it becomes reduced by undulations to a very narrow 
band, between Ste. Marguerite and the Etchemin, where it measures from 
half to a quarter of a mile; but it widens again in Buckland, which it 
enters with a breadth of two and a-half miles, extending from the sixteenth 
to the twenty-fifth lots of the first range. In this distribution of the Lauzon 
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the magnesian band, which maaks its base to the south-west, was represented Lower magne- 


by concretionary rocks, holding ovoid concentric shapes, in which serpentine 
often formed a constituent mineral. Through the influence of numerous 
undulations affecting the strata, these rocks sometimes occurred in unex- 
pected places, and frequently occupied considerable areas, but they were 
always separated from the upper magnesian band, which marks the base of 
the Sillery, by some amount of argillaceous deposits. 

On the Chaudiére, the Lévis connected with the second main anticlinal, 
has a breadth of about nine miles between the Lauzon of the northern syncli- 
nal and that of the southern, which it meets about a quarter of a mile above 
St. Joseph church. From the Chaudière the Lévis runs north-eastward 
across the seigniories of St. Mary and St. Joseph to Joliette and Frampton, 
its north-western boundary running across the chief part of the former, a 
mile or two within its boundary, but reaching the line between the two in 
the tenth range of the township, and entering Buckland on the twenty-fifth 
lot. The southern boundary, passing into Frampton on the third lot of the 
first range, through the influence of undulations, soon gains the twentieth 
lot, reducing the breadth to seven miles. Farther to the north-east, thus 
boundary leaves Frampton on the twenty-fourth lot of the eleventh range, 
crossing the Etchemin on the same lot. The formation occupies ten and 
a-half miles on the river, but its direct breadth here, across the measures, 
is a mile less. 

The Lauzon in this synclinal is about a mile wide on the Chaudière, and 
enters Frampton and Cranbourne with the same breadth, the north-west 
boundary being on the twenty-sixth lot of the first range of the former 
township, and the south-eastern about the middle of the first range of the 
latter. Proceeding north-eastward the band soon widens out to two and 
a-half miles, but contracts again to somewhat less than a mile before 
reaching the Etchemin River, its southern boundary being there between 
the twenty-sixth and twenty-seventh lots of Frampton. 

The Sillery formation, including certain concretionary rocks, serpentines, 
and other magnesian deposits at its base, which however belong strictly 
to the summit of the Lauzon, but for convenience are joined with the 
Sillery (see Report 1866, p. 5), has a breadth of four miles on the Chau- 
diére; the south-eastern limit, where they sink below the Upper Silurian, 
being three-quarters of a mile above the line between the seigniories of 
St. Joseph and Vaudreuil-Beauce. These concretionary rocks and 
serpentines are traceable to Cranbourne, and they are again seen on the 
twenty-seventh lot of the third and fourth ranges of Frampton. They also 
form several hills on the right side of the Etchemin, above a great bend 
in the river, running parallel with it to the north-east line of Cranbourne 
and some distance into Standon ; from this they cross to the left side of the 
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river in Ware, where Mr. McOuat observed considerable exposures of 
them on the first, second and third lots in the sixth and seventh ranges, 
and on lot A in the eighth range of that township. Half a mile south-east 
from the third lot the black shales of the Upper Silurian series were 
observed.* | 

The region of country to the north-east, still to be described, is every 
where wooded, and the few roads which traverse it, though they cross the 
measures to the south-east, very nearly at right angles to the strike, are at 
considerable intervals from one another. In going over them the limits of 
the formations are observable in many places ; but it will be easy to under- _ 
stand that of the numerous undulations which may, and probably do occur, 
a great many must escape detection, though some may be conjectured ; and 
it is, therefore, only a mere general outline that can be given in the geogra- 
phical distribution of the formations. 

‘Road 8. B. from The first of these roads, which is about eight miles to the north-east of 
St. Gervais, starts from St. Raphael, and in following it from this point, 
passing over the quartz rock of the Potsdam, the red and green sandstones 
and shales of the Sillery are almost immediately seen, beginning about a 
quarter of a mile from St. Raphael church. They are pretty well exposed 
up the River du Sud, and through Armagh, the road gradually, by various 
oblique offsets, gaining a more north-easterly position than at St.Raphael ; 
and the last exposures of the Sillery trough occur on the eighth lot of the 
west range of the River du Pin settlement in Armagh, which would give 
to the trough a direct south-easterly breadth of a little over twelve miles. 
with a distance of fourteen miles from the St. Gervais road near St. Lazare. 
The Lauzon formation is supposed to occupy the next four miles of the road ; 
the exposures, however, are not many, and those which occur consist of 
green shales, interstratified with black bands in some places. Beyond this 
a distance of a mile and a-half on the road is occupied by the black shales 
of the Lévis formation, and these are succeeded, on the south side of the 
anticlinal axis, by a repetition of the Lauzon, which extends to the line 
between the twenty-ninth and thirtieth lots of the north-east and south- 
west ranges of Roux. In a farther distance of a mile and a-half the red 
and green sandstones of the Sillery are pretty well exposed, beyond which, 
after an interval of concealment, the black shales of the Upper Silurian 
present themselves. 

Road8.E.from The next traverse that was made was on a road about fifteen miles north- 

St Thomas east from the last, running nearly south-east from St. Thomas. On this 
road the Potsdam and Sillery are seen nearly in contact three and a-half 
miles from the village, as has already been stated. From this the Sillery 


« These deposits, and their distribution in the neighbourhood of the Ohaudiére are 
described in the Geology of Canada, pp. 254 and 255. 
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occupies a direct breadth of about eight miles, its south-eastern limit occur- 
ring a little farther on than the thirty-first lot of ranges A and B of Ash- 
burton. Beyond this the Lauzon extends to the line between the second 
and third ranges of Montminy, where it is seen on the fifteenth lot, giving 
to the formation a breadth of six miles. The Lauzon formation is succeeded 
by the black shales of the Lévis, which extend a little over seven miles to 
the Lauzon on the other side of the anticlinal axis, the base of the forma- 
tion occurring a little beyond the line between the second and third ranges 
of Rolette, on the sixth lot. To the south-east and east of this the rocks 
are of a tolerably uniform character. They consist of green shales, with à 
an interstratification of a small amount of red, over a breadth of a mile and 
a-half, and are supposed to represent the Lauzon formation. Half a mile 
beyond this the road turns nearly due east to the Province line. For the 
first two and a-half miles rocks of the concretionary character already 
mentioned as at the base of the Sillery are almost continuously exposed, 
and at the end of the next two miles considerable masses of serpentine gerpentine. 
occur, to the west of a tributary of the Black River, from the tenth to thir- 
teenth lot of the sixth range of Talon. Nearly two miles to the east of 
the stream a few small exposures of lead-gray slates are seen, supposed to 
belong to the Upper Silurian series. 

Fifteen miles to the north-east of this Government road is the Cape St. cape st. Ignace 
Ignace road, which afforded the opportunity of the next traverse. It hag rose 
been already stated that on this road a strip of Lauzon, a little over a quar- 
ter of a mile wide, occurs, resting on the Potsdam quartz rook, near the base 
of the overlying Sillery sandstones. This patch of Lauzon has but a short 
run to the south-west ; but in the opposite direction it extends a mile and a- 
half, with the quartz rock around the end and on both sides of it, that on the 
south terminating in a point close to the south-west. Passing over this 
point of quartz rock, we meet the north-west base of the Sillery. As the 
road was not cut through to the south-west base of the Sillery trough it 
was not considered expedient to continue this traverse on it. The north- 
west base of the formation was therefore examined to the Arago road, which arago road. 
afforded the next traverse, about four miles to the north-east. This base 
of the Sillery crosses the road about a quarter of a mile south-east from St. 
Cyrille, beyond which the formation rises into considerable hills, and is well 
exposed for six miles on the road to its southern limit. No exposures of 
the Lauzon, however, were met with on the road to the south-eastward, 
for a distance of three miles farther, beyond which the road had not been 
opened. 

On the Elgin road nearly twenty-five miles farther to the north-east, the pgin road. 
Sillery rocks have a breadth of about five and a-half miles, their north- 
western limit occuring, as has already been stated, at the sixth mile-post 
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from the front of Fournier and Ashford, and their south-eastern at the line 
between Fournier and Garneau. Few exposures, however, belonging to 
the formation, were seen on the road, but its presence beneath was inferred 
from the character of the country, and the occurrence of large loose angu- 
lar blocks of red and green sandstone which, at intervals, almost paved 
considerable areas, quite unfitting them for agriculture. The breadth . 
assigned to the Lauzon on this road is about four miles, extending to the 
Taché road between the fifth and sixth ranges of Garneau. But few 
exposures, however, of the formation were met with. These consisted of 
occasional gray sandstones,and one of red and green shale seen on a branch 
of the River Quelle, about a mile and a-half from the northern limit. The 
surface, however, presented the usually rolling character which belongs to 
the country underlaid by the formation,and appeared generally fit for settle- 
ment, while a short distance beyond the limit given to the formation, the 
black shales and quartzites of the Lévis became exposed. These are seen 
on the road,at intervals, for a distance of three miles and three-tenths from 
the Taché road, which may be considered the breadth of the formation 
here. Imunediately beyond the boundary of the Lévis rocks, there occurs, 
on the north-east side of the Elgin road, an exposure, which although only 
two paces wide, was sufficient to show the existence here of concretionary 
rocks similar to those several times already referred to ; but these must here 
belong to the base of the Lauzon instead of its summit. After an interval of 
concealment of somewhat over a mile, black clay slates and grayish-green 
sandstones prevail on the road, as far as the Province line. These are 
considered to be of Upper Silurian age, and consequently cover up a part 
of the Lauzon, and the whole of the Sillery, on the south-east side of the 
second anticlinal axis. 

There is an intervening space of twenty miles between the Elgin road 
and the Lac de l'Est road. 1t has already been stated that on this road 
the Sillery comes upon the Potsdam rocks eleven miles from the coast. 
The breadth of the formation is here eight miles, the south-eastern edge 
being close upon the line between the thirty-eighth and thirty-ninth lots 
of the ranges A and B of Painchaud. Beyond this the Lauzon occupies 
a breadth of two miles ; and farther on, the rocks, although not well 
seen, they are supposed to be Upper Silurian. 

On a short excursion from St. Pascal, nearly six miles more to the 
north-eastward than the last road, the Sillery is seen on the south-east side 
of the River du Loup, from the above village. It is succeeded in less 
than à couple of miles by red and green shales, with some gray limestones, 
resembling those at River du Loup supposed to belong to the Lauzon 
formation. What breadth this band of Lauzon may have before again 
meeting the Sillery farther on, I am not able to say. It is probable, how- 
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t wide, for it does not appear on the Lake Pohenegamook L. Pot 
: miles to the north-eastward, on which the first Sillery mere 
tedam rocks is in the strike of the first Sillery on the St. 
ewhere north-east of which the formation must close over 
Lauzon, as the red and green sandstones of the Sillery 
exposed on the Pohenegamook road, from their first 
the Potsdam rocks, a mile north-west of the line between 
Rivière da Loup and Parke, to the line between Parke and 
omewhat over eleven miles. Beyond this the Lauzon 
h of a mile and a-half, where it becomes clearly overlaid 
urian rocks, which are seen forming rounded hills to and 
enegamook Lake,as far as the Province line, and beyond. 
erly road on which these rocks have been examined is Temiscousts 
scouata Portage. Here the Lauzon is seen just south- 
land River, and has a breadth of three and a-half miles 
outcrop of the Sillery, near the thirteenth-mile post, which 
The breadth of the Sillery, south-eastwardly, is a little 
hich brings it nearly a mile south-east of the line between 
umand. It is then followed by the Lauzon, which con- 
seyond St. Honoré, its breadth on the road being over six 
wre than five at right angles to the measures. The rocks 
‘are very much alike on both sides of the synclinal, 
of red, green and black shales, interstratified with 
sandstones, while the intermediate Sillery consists of 
indstones interstratified with red shales. The Lauzon is 
road by the Lévis formation, which extends to a valley 
e thirty-fourth mile post, beyond which, on the east side, 
ates of the Upper Silurian appear. 


ECONOMIC MINERALS. 


examined the unexpected occurrence of a series of rocks goonomio mine 
of the Quebec group rendered it necessary to devote a ™* 
unt of time than usual tothe elucidation of the structure, 
tention was paid, as occasion served, to the search for 
ds, the gradual disappearance of the magnesian and 
osits of the Lauzon formation, as we proceeded down the 
Lawrence, rendered our efforts unavailing. Of all the 

s which appear in so many places above the Chaudière 

a observed was confined to the few specks of green car- 
already mentioned as occurring a little north of the line 

ucunvvs wav swgaiories of River du Loup and Cacouna. 
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Although there are indications of gold in the Quebec group in the 
Eastern Townships, the presence of the metal on the Chaudiére, both in 
the alluvium and in quartz veins, appears to be more general in the 
country underlaid by the Upper Silurian series. Ita occurrence, as associa- 
ted with this series on the Chaudière, and for some distance to the north- 
east, has been stated in various Reports since 1846 ; but as the struc- 
tural examination usually stopped at the base of this series, a search for 
the economic minerals which may characterize the Upper Silurian still 
farther on must be deferred to a future time. Where these rocks occur 
around Lake Pohenegamook they appeared to me to afford the most favor 
able place for an investigation of them. They are here characterized by 
many lenticular veins of white quartz of from one to six inches in thick- 
ness, running with the stratification, and although no visible gold was 
observed in them, and several trials of the alluvium were not rewarded 
with success, it is quite possible that a more systematic search may shew 
the presence of the metal. The only substances of economic value I have, 
therefore, to report are bog iron ore, building stones and peat. 

Bog Iron Ore.—Several localities in the region examined have already 
been reported in St. Vallier, (see Geology of Canada, p. 684). To 
these I have to add two in the seigniory of Kamouraska. One of them is 
on the north-east side of the road between the villages of Kamouraska and 
St. Pascal, and nearly a mile from the latter, where a small deposit 
occurs at the south-east foot of a conspicuous bluff of quartz rock. It 
extends north-eastward along the bluff for about a hundred paces, and is 
three or four paces wide, with a thickness of from two to four inches. 
Another deposit occurs about three miles south-west from the last, on the 
north-west edge of a ridge of quartz rock. It is associated with wad or 
black oxyd of manganese, as well as with yellow ochre, and is seen on the 
road, and alongside of it, for 300 paces, with a breadth of thirty paces and 
a depth of from six to eight inches. 

Building Stones.—Throughout the district material for building purposes 
is abundant. The quartz rock of the Potsdam series is well adapted for 
such. It furnishes in many places near the railroad, all the, way from St. 
Thomas to River du Loup, a fine white quartz or sandstone, which is often 
free from stains, and the section given at Ste. Anne, p. 128, shews that. 
the deposit would yield blocks of any required size. It is a durable rock,. 
which is not only capable of resisting the weather, but_may be considered. 
fire-proof. 

The conglomerates associated with the quartz’rock are likewise well: 
suited for building. They also are widely distributed along the line of 
railway from St. Thomas to River du Loup, and thence along the coast to 
Bic, where no doubt they will attract the attention of railroad contractors.. 
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As examples of the use of the rock fo 
the railway bridges across the Rivers 
from which the material of these bri 
about half a mile south-east from the 

The Sillery sandstones likewise a 
purposes. These sandstones, however 
respect to the railroad as the rocks pr 

Peat.—Peat bogs in the seigniorit 
Ouelle have already been described 
In addition to those mentioned one ot 
Loup, toward the south-west side, abo: 
the St. Lawrence, extending about thr 
with a breadth of half a mile, and fro: 
occurs in the seigniory of l’Islet du E 
the Ste. Helène station. It has a nort 
two miles, with a breadth of a quarter 
was eight and ten feet respectively. 
south-east from St. Denis station. It 
with an ascertained depth of eight fee 
de Est road south-westerly, but how 
not ascertained. 
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MR. HENRY G. VENNOR, 


ADDRESSED TO 


SIR WILLIAM E. LOGAN, F.R.8.,F.G.8., 


DIRBOTOR OF THE GROLOGICAL SURVEY OF OARADA. 
MontREAL, May 1, 1869. 


Srr,—Early in May of 1866 you were pleased to direct me to commence 
a series of explorations in the township of Madoc, in the North Riding of 
Hastings County, Ontario, and, starting from that township as a centre, 
to proceed to make a detailed examination of the rocks through Hastings 
and the adjoining counties, and to take particular note of all mineral 
deposits of economic value. The explorations then commenced were con- 
tinued during the ensuing seasons of 1867-68, and I now beg to lay 
before you, in a somewhat condensed form, the substance of my Reports for 
those years accompanied by a colored geological map on the scale of four 
miles to an inch. 

The country examined cevers an area of about 194 square miles, being Region 
bounded on the north by the Peterson and Mississippi road lines and the °xmined. 
Opeonga road ; on the south by the Silurian limestones between the town- 
ships of Sheffield and Belmont ; on the east by the Addington road run- 
ning through Addington County ; and on the west by the Burleigh road in 
Peterboro’ County. 

The townships which have been the most explored, and of which I have 
prepared a geological map, are Madoc, Marmora, Elzevir, Lake, Tudor and Geotogical 
Grimsthorpe, in Hastings County ; Kaladar and parts of Anglesea, in Ad- ™” 
dington County ; and Belmont and Methuen in Peterboro’ County, to the 
rocks of some of which allusion has already been made in former Reports. 
Besides these surveys I also made a traverse as far north as the York 
Branch of the Madawaska River, on the Hastings road, between the 
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townships of Faraday and Dungannon; on the east a survey, partly by 
chain and partly by pacing, of the Addington road, from the town line of 
Sheffield, as far north as the head of Mazinaw Lake, in the township of 
Abinger ; and to the west a survey of the Burleigh road as far as the town- 
ship of Cardiff. These last traverses were made in connection with my 
central work, with a view of determining, if possible, the extent of the 
dolomites, mica-slates,conglomerates and schistose limestones of this region, 
which, as you are aware, differ considerably in their lithological char- 
acters from the great mass of the Lower Laurentian rocks. Much infor- 
mation with regard to the geology of parts of the district 1s found in the 
Report of Mr. Murray for 1852-58, and in that of Mr. Macfarlane for 
1866, and the results of these explorers have greatly aided me in my 
investigations. 

An ascending series of the rocks was prepared by me in 1866, and was 
published by you in the Quarterly Journal of the Geological Society of 
London, for 1867, and subsequently in the Canadian Naturalist; the object, 
at that time, being to slfew the geological position of the remarkable fossil 
Eozoon Canadense, which had been found at the summit of the series in 
Tudor. This section, which is here repeated, was made from the results of 
my explorations in the townships of Elzevir, Madoc, Marmora, Belmont, 
Lake and Tudor, the average thickness of each mass having been 
deduced from numerous exposures in the different townships. Yor reasons 
which will be apparent in the course of the Report it is found desirable to 
divide the section into three parts, which will be represented by distinct 
colours in the accompanying map. 


Division A. 
Feet. 

1. A great mass of highly crystalline syenitic rock generally deep red, but 

presenting varieties in texture and in color, without apparent stra- 

tification, so far as yet observed. Thickness not ascertained. 
2. Reddish and flesh-coloured granitic gneiss, the thickness of which is 

unknown ; estimated at not less than......... 0 © cocccesccces 2000 
3. Greyish and flesh-coloured gneiss, sometimes hornblendic, passing towards 

the sammit into a dark mica-schist, and including portions of green- 

ish-white diorite ; mean of several pretty closely agreeing meagure- 

ments... RESTES TETE LEE EE ELEC EE Tee eee 10400 
4, Crystalline limestone, sometimes magnesian, including lenticular patches 

ot quartz, and broken and contorted layers of quartzo-feldpathic 

rock, rarely above a few inches in thickness. This limestone, 

which includes in Elzevir a one-foot bed of graphite, is sometimes 

very thin, but in other places attains a thickness of 750 feet; 

estimated as averaging..... Coven eee eee reseee sees eeceeene ve 400 
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Drvisiow B. * 
; Feet. 
1. Hornblendic and pyroxenio rocks, including several varieties of diorite and Midule division 
diabase, both massive and schistose, occasionally associated near 
the base, with dark micaceous schists, and also with chloritic and 
epidotic strata, including beds of magnetite; average thickness.... 4200 


Drvisiox C. 


i. Crystalline and somewhat granular magnesian limestone, occasionally Upper division. 
interstratified with diorites, and near the base witb silicious slates 
and small beds of impure steatite.......cecceee. seeccecccscese 830 
This limestone, which is often silicious and ferruginous, is metal- 
liferous, holding disseminated copper pyrites, blende, mispickel, and 
iron pyrites, the latter also sometimes in beds of two or three feet. 
Gold occurs in the limestone at the village of Madoc, associated 
with an argentiferous grey copper ore, and also in irregular veins 
with bitter-spar, quarts, and a carbonaceous matter at the Richardson 
mine in the township of Madoc. 
2. Gray silicious or fine-grained mica-slates, with an interstratified mass of 
about sixty-feet of yellowish-white dolomite, divided into beds by 
thin layers of the mica-slate, which, as wellas the dolomite, often 
becomes conglomerate, including rounded masses of gneiss and 
quartzite from one to twelve inches in diameter.........,,..,:.. 400 
3. Bluish and grayish micaceous slate, interstratified with layers of gneiss, and 
and occasionally holding crystals of magnetite. The whole division 
weathers to a rusty brown........ ns sssrsen ses evenness 500 
4. Gneissoid micaceous quartzites, banded grey and white, with « a ‘few instrat- 
ified beds of silicious limestones, and, like the last division, weather- 
ing rusty brown..... nes non sons noms sesenes 1900 
5. Grey micaceous limestone, sometimes plumbaginous, becoming in its 
upper portion a calc-schist, but more massive towards the base, 
where it is interstratified with occasional layers of diorite, and 
layers of a rusty-weathering quartzite like 4........ 000.00 1000 
In regard to the volume thus given to this segjes, it may be well 
to remark that, though allowance has been made for numerous folds 
in estimating it, it may still be exaggerated by many folds that 


may have escaped detection. — 
Total thickness.......... 21130 


The geographical distribution of these rocks shews a series of north. 
east and south-west undulations, throwing the ypper division (C) into long 
narrow troughs in these directions. These undulations are crossed at undolations. 
irregular intervals by geological elevations, which separate the ends of the 
troughs, and by depressions which unite the sides. The anticlinal axes of 
the north-east undulations, which are parallel to one another, and nearly 
straight, appear, as far as ascertained, to be five in number, producing six 
synclinals ; while of the transverse elevations, one runs north of west in a 


* The rocks of this division are described at some jeugth in Mr. Macfarlane’s Report 
on Hastings Co., 1866, page 95. 


Lower division. 


fan 
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somewhat curved line, and another, if it be not a final out-crop of the 
rocks at the base, bears rather west of north. The effect of the two 
series of undulations gives to the upper division, when |laid down on a 
map, the figure of two diverging forms furnished with long projecting 
points running in contrary directions, and precisely opposite to one another ; 
to the contour of which the lower divisions, B and A, conform as will be 
seen on the accompanying geological map. 


Division A. 


Perhaps the most striking and prominent feature in the townships 
of Madoc and Marmora is that formed by extensive barren red syenitic 
rocks, which cover a large area where the two townships adjoin. Such rocks, 
(A 1) in which there are no apparent marks of stratification, are met 
with at both ends of Hog Lake, in Huntingdon, about two and a-half miles 
south of Madoc village, where they are immediately overlaid by the main 
body of the Lower Silurian limestones. On the west side of a promon- 
tory of these limestones the syenitic rocks strike northward into Madoc and 
Marmora, as far as the middle of the eighteenth lot on the boundary 
between these townships, with a breadth of about four miles, the river 
Moira forming their western limit, whence they spread eastward to the 
third range of Madoc. This mass is known as the Huckleberry rocks or 
Red Mountains. They are chiefly composed of flesh-red feldspar, trans- 
lucent quartz, a little greenish hornblende, and sometimes finely dissemi- 
nated crystals of specular iron and iron pyrites. 

All through this area the country is much broken up, and hardly pass- 
able, the high barren ridges alternating with extensive swamps and 
marly ponds. These ridges run in a northwest and southeast direction, and 
the rock is in many parts overlaid by outlying patches of Lower Silurian 
limestone. From the northern partof this area a subordinate elevation 
strikes south-eastward across the fifth, sixth and seventh concessions of 
Madoc, having a breadth of from one and a-half to three quarters of a mile, 
pointing for a similar mass at Downey’s rapids at the eastern end of Hog 
Lake. On the seventh range it is seen to pass under an outlying patch of 
Silurian limestone about the eighth and ninth lots, and is lost sight of. 
Several very extensive beds of magnetic iron ore, and deposits of red 
hematite occur in the immediate vicinity of this syenitic mass in Madoc 
and Marmora, such as the Seymour, McCallum and Marsh beds, which 
will be referred to further on in division B, to which they belong. 

On the outskirts of the area just described, and at its junction with the 
overlying rocks, there occurs in many places a breccia with a granitic or 
feldspathic base, inclosing fragments of gneiss and greenstone or diorite, 
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with magnetite, as seen a short distance south of Powell’s saw-mill on the Granitic 
river Moira, about the fourteenth lot of the tenth range of Marmora. 
Another similarly brecciated, but much more strongly marked mass, in some 

parts containing rounded fragments, crosses the Hastings road about three 

miles north of Madoc village, running in a south-easterly direction down 

the sixth and part of the seventh ranges, striking with and immediately 
adjoining the Seymour iron-ore bed, and forming high and broken ridges 

of a pale red color. The enclosed fragments are greenstone, felsite, 
gneiss, and translucent quarts, varying in diameter from less than one inch 

to eight or nine inches. 

In the north-west quarter of Madoc, between the village of Bannock- 
burn and the northeast corner of Marmora these red syenitic rocks are 
seen forming several connected parallel high ridges, called the Red Hills, > Red Hills, 
ranning northeast and southwest through the influence of the undulations, 
whose axes bear in that direction. Here they are associated with albitic 
granite, the feldspar being of a pale gray, mixed more or less with 
translucent quartz and a considerable quantity of black or brownish mica 
in comparatively large scales. 

High barren hills of red syenite, known as the Red Mountains, are next Red Mountains, 
seen in the northwest quarter of Lake township, stretching from Tonga- 
mongue Lake northeastward to Clear Lake, which is situated on the twenty- 
sixth and twenty-seventh lots in the eighth range of the township, the 
distance across being about four miles and a-half. Northeastward these 
hills pass a little beyond the town line of Wollaston. 

In Methuen township, at the western end of Trout Lake, about two 
miles westward of the mass last described, another north-east anticlinal 
bringing the syenite rocks to the surface, extends from the neighbourhood of 
Kah-sey-bah-gah-mog Lake, which lies between the sixth and eleventh lots Pine Ptains, 
of the seventh and eighth concessions of Methuen, northeastward into the ™ 
south-west quarter of Wollaston, forming an area commonly known as the 
Pine Plains, and occupying the country for a breadth of nearly six miles, 
from the twentieth and twenty-first lots of the first range of this township 
northwestward to South Bay on Loon Lake in Chandos. 

North-westward again similar rocks were seen crossing the Burleigh 
road into Anstruther, but here they have not yet been traced. On 
Stoney Lake,between the townships of Dummer and Burleigh, similar red 
syenitic rocks are seen, forming apparently the crown of a north-east and 
south-west anticlinal. This locality has been alluded to by Mr. Murray 
in his Report of 1852-58, and the syenitic rocks here may be a continua- 
tion of those of Kah-sey-bah-gah-mog Lake, but the relation has yet to be 
made out. | 

These successive parallel syenitic ridges between Madoc and the Bur- 
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leigh road in Anstruther would appear to be brought to the surface on a 
north-west transverse lme of elevation. A second transverse axis starts 
from Elzevir, and, diverging from the line already described, rans somewhat 
westward of north through Grimsthorpe, Cashel, Dungannon, Monteagle 
and Herschel townships, crossing a continuation of the same north-east 
anticlinals as before. On this second axis of elevation, which probably 
Higher rooks brings up the whole of the rocks of division A, the following were some of 
| the varieties observed : 


Transverse 
anticlinals. 


1, Coarse grained rock composed of flesh-red feldspar and translucent colorless quartz, 
the latter often in rudely parallel layers. 

2, Oourse feldspathic masses, weathering to an opaque white, the constituents being 
white feldspar, translucent quartz and black mica in partially continuous Ipyers, 
often determining the cleavage of the rock, which would be well suited for a dur- 
able building material. 

3. Dark green hornblendic rock containing a considerable proportion of disseminated 
grains and crystals of magnetic iron ore,"and probably belonging to the base of 
the next division (B). 


The rocks on this second line of elevation have, a3 yet, been but little 
examined. In an area extending from the neighbourhood of Queens- 
boro, on the one hand, to Mazinaw Lake in Barrie, on the other, and 
transversely from the vicinity of Flinton in Kaladar to the north-west cor- 
ner of Grimsthorpe, they appear to be very largely developed ; and it is 
probable that they will be kept at the surface in parallel ridges over four 
north-east and south-west anticinals. It is conjectured that they will 
occupy the western half of Anglesea and the rough and unsurveyed town- 
ship of Effingham. Their detailed distribution through Cashel, Limerick, 
Dungannon and Mayo has yet to be determined ; but on the Hastings 
road cliffs of similar rock were seen crossing it about a mile north of the 
York Branch of the Madawaska river in Dungannon, and rocks of the 
same description were traced as far as lots nine and ten in Herschel, where 

Eagie-nest cs. they form part of a ridge known as Eagle-nest cliff, presenting a perpen- 
dicular face of over 200 feet. The rocks on this second line of eleva- 
tion, seem, through Dungannon, Herschel, and farther north-westward, 
to form the watershed between the tributaries of the Ottawa and those of 
the St. Lawrence. The areas underlaid by them, as well as by those 
of the more south-western line, present a rough barren country, little 
suited for cultivation, being covered by a light sandy and often shallow 
soil, supporting pine, hemlock and occasionally beeches, the latter usually 
occupying sandy ridges. | 

Bands of red granitic and gray hornblendic gneiss are seen associated 

Crystalline | with an extensive exposure of crystalline limestone, at the village of 

estone,A 4. _- 
Bridgewater in Elzevir, where they have been alluded to by Mr. Macfarlane 
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in his Report for 1866. They become almost immediately covered up 
on the south by the main body of the unconformable Lower Silurian lime. 
stone, and their relative position in this direction could not be made out. 

The rocks of sub-divisions A 2, A 8 and A 4, runs northward on the 
eastern side of A 1 along the second line of elevation, through the adjoining 
townships of Elzevir and Madoc, and those of Tudor and Grimsthorpe ; 
in the latter two townships, however, they are only sparingly represcnted, 
and again proceeding northwestward at right angles to the northeast and 
southwest axes, in an area extending in breadth from the southeast quarter 
of Madoc to the northwest quarter of Lake, and in length from Belmont 
Lake to the southeast quarter of Wollaston are almost entirely wanting ; 
their position being apparently occupied by the rocks of the second divi- 
sion, (B) next to be described. Further to the northwest, from the north- 
west quarter of Lake to the Burleigh road, as far as the country has been 
examined on each side, A 2, A 8 and A 4 assume once more an impor. 
tant character. 

Starting from Round Lake in the seventh concession of Belmont, an 
important band of crystalline limestone (A 4) has been traced continuously Limestone. 
northeastward across the lots to a position between Deer Lake and Lost 
Lake, where it turns northwestward to the thirty-first and thirty-second 
lots of the sixth range. It here covers a considerable area, and very 
much resembles the white crystalline limestones of Bridgewater in Elzevir. 
On the thirty-second lot an excavation on this band is known as Jones’s 
marble quarry, from which specimens of marble were sent to the Paris 
Exhibition in 1855. From this the band has been traced northeastward 
across the southeast quarter of Methuen into Lake, as far as the fifteenth 
and sixteenth lots of the third concession. It then runs across the sixteenth, 
seventeenth, eighteenth and nineteenth lots of the second concession, 
into Trout Lake, but its farther distribution is not yet ascertained. 





Drvision B. 


The hornblendic and pyroxenic rocks of this division, both massive and Middle division. 
schistose, are for the most part distributed through the counties of 
Hastings and Addington. They are here seen to rest immediately upon 
the gneisses of A 2 and A 8, but whether conformably or not is a question 
yet to be investigated, as in the localities where they are best represented, 
the massive diorites and greenstones, which form the base of this division, 
do not offer any clear marks of stratification. 
The rocks of B are very largely represented on the second line of 
transverse elevation, between the townships of Madoc and Elzevir, where 


Iron ore belt. 


Its distribution. 


Madoc. 
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they have been described in some detail by Mr. Macfarlane in his report 
on Hastings in 1866. 

They are here much intersected by veins of a milky-white quartz, 
containing sulphurets of copper, and in some instances, as at the Barry 
mine in Elzevir, range IT lot 5, native gold. From Elzevir, they trend 
northward on the western border of A, and again are seen covering a large 
part of Tudor and Grimsthorpe townships. To the northward on this line 
they are but sparingly represented. From Tudor they run westward into 
Lake, and are there very largely exposed along the first line of elevation 
of division A, and are often characterized by the presence of important 
beds of magnetic iron ore, forming a ferriferous zone. Northwestward 
from the township of Lake towards the Burleigh road, on this line of eleva- 
tion, they gradually diminish and are lost sight of, but stretch southeast- 
ward on the same line into the township of Madoc, where, however, the 
ferriferous band is almost their only representative. 

The deposits of iron ore in Madoc, Marmora and Belmont, which 
occur in the ferriferous band at the base of the greenish hornblendic 
and pyroxenic rocks, have been alluded to in several of the early 
annual reports of the survey; they have also been noticed in the General 
Report on the Geology of Canada for 1868, pp. 675 and 676, and again 
in greater detail in Mr. Macfarlane’s Report for 1866. In these various 
Reports, however, they have been described as separate local deposits, a 
sufficient number of facts not having then been accumulated to unite 
them in one continuous horizon. But having during the last three seasons, 
in accordance with your instructions, examined them more in detail, with 
relation to the rocks in which they are enclosed, I have been able to satisfy 
myself that, with one or two unimportant exceptions, nearly all the deposits 
of magnetic oxyd in the district will be found in the present division, 
being sometimes its only representative. As the deposits of iron ore 
already known in this zone are of economic importance, and as other yet 
undiscovered masses of a similar character may exist, I shall, with a 
view of aiding the search for them, here give a somewhat minute descrip- 
tion of the course in which it appears to me they will be found to run. 

The Seymour ore-bed is situated on the eleventh lot of the fifth 
range of Madoc, where the associated hornblendic and pyroxenic rocks, 
and certain chloritic slates there occurring, are well displayed. Their 
course from this lot is about 8.65 E. (mag.), and passing through the 
tenth and ninth lots of the sixth range, and the eighth and seventh of the 
seventh range, along which course the ore is almost continuous, it becomes 
partially covered up by the unconformable Lower Silurian limestone ; but. 
turning over the axis of an anticlinal, it can be traced curving through 
the seventh, eighth and ninth lots, and part of the tenth in the eighth 
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range, whence it strikes N. 65—70 W. (mag.) through the tenth, eleventh 
and twelfth of the seventh range, and thence through the thirteenth, four- 
teenth and fifteenth of the fifth range. On the last named lot a deposit of 
magnetite occurs, perhaps next in importance only to the Seymour bed, and 
it is worthy of note that its place here is exactly opposite to this bed, and 
on the other side of the anticlinal mentioned, on the crown of which occurs 
a coarse red syenitic rock, (A 1) which has before been referred to. 

From the seventeenth lot of the fifth range the course of the iron-bear- 
ing rocks gradually tends westerly, and would appear to pass through the 
seventeenth and eighteenth lots of the fourth range, the eighteenth of the 
third, and the eighteenth and nineteenth of the second and first ranges. 
On these last named lots in the first range the ore is probably again in 
considerable quantity, but the traces of it occur only in loose masses in 
the soil, the ore in place being apparently at a considerable depth 
beneath the surface. 

From these lots the bands runs into the township of Marmora, and, Marmore 
changing its direction, trends southward, keepmg almost immediately to 
the east of the Moira River, the course of which might almost be said to 
denote its farther ran through this township. On the nineteenth and 
eighteenth lote of the eleventh range this iron sone is represented by rust- 
stained slates, holding some considerable beds of yellow sulphuret of iron 
with traces of magnetic iron ore, and here it is closely associated with a 
large mass of coarse white granular limestone. Thence it runs southward 
through the tenth, ninth and eighth lots-of the ninth range, where the 
McCallum iron-ore bed, mentioned in an early report, is situated ; while 
farther southward its course is indicated on the sixth and seventh lots of 
the eighth range, by the occurrence of the Marsh ore-bed. 

A short distance beyond these last lots, the ferriferous belt must run 
under the main body of the Silurian limestone lying to the south and to the 
east, where it is lost sight of. But while thus covered it appears to change 
its course, and bearing westward, emerges at Marmora village, where Epidotic rocks. 
the green hornblendic and epidotic rocks are marked by traces of magnetic 
iron ore, and hold veins of red hematite. These rocks are seen running 
into Crow Lake, under the waters of which, and under the adjoining 
unconformable overlying horizontal Lower Silurian limestones, the greater 
part of the strata of this division are concealed. The north shore of the 
lake, however, gives evidence of the course of the belt, in the Kean ore- , 
bed, which occurs on the thirteenth lot of the third range of Marmora, 
and in an exposure protruding through the Silurian limestone on the sixth ont. 
lot of the first range of this township. The Big ore-bed, on the south 
shore and western extremity of the lake, in Belmont, belongs to the same 
belt, and is probably brought up on a third line of elevation to the west 
ward. 


Belmont. 


Madoc. 


Elzevir. 


Tudor. 


Kaladar. 
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Northeastward through Belmont no very large exposures of the ore have 
yet been observed ; but'deposits may stil be found between Crow and Bel- 
mont Lakes, along the western shore of the latter, and up the valley of 
the Crow River, as well as on Deer Lake, about the twenty-fifth, the twenty- 
sixth and twenty-seventh lots of the second and third ranges. The exposure 
at Allan’s mills,on the twenty-fifth lot of the twelfth concession of Seymour, 
noted by Mr. Murray in his Report for 1852-53, has probably some rela- 
tion to the turn which occurs in the course of the belt in Belmont Lake, 
but whether united by a continuous out-crop, or separated on the opposite 
side of an anticlinal form, the overlying Silurian limestone prevents us 
from deciding. 

Returning to the Seymour bed in Madoc, with the view of tracing this 
belt eastward, we find very few deposits of the ore of any extent. On the 
twelfth lot of the fourth range we have a small bed of magnetic iron ore, 
and again on the sixth lot of the third range, beyond which, southward, the 
belt runs under the Silurian. At the eastern end of Hog Lake, on the 
Moira River at Downey’s rapids, magnetic iron ore is again met with, and 
finally in Elzevir, on the third lot of the fifth concession, where it occurs in 
a bed from two to three feet thick enclosed in a steatitic material, as men- 
tioned by Mr. Macfarlane in the Report of 1866. 

Where the rocks of division B are brought up in the northwest quarter 
of Madoc, magnetic iron ore has been found on the twenty-fifth lot of 
the sixth range of Madoc, where a small bed occurs, dipping to the north- 
east at an angle of from forty to forty-five degrees. The only other locality 
is in the extension of the belt farther north, on the fifty-fifth lot, on the 
west side of the Hastings road, in Tudor, where it is associated with 
gneiss and granular limestone. (A 8 and À 4). This last locality has not 
been mentioned in any of the previous published annual reports, but samples 
of the ore were sent by you to the London Industrial Exhibition of 1862, 
The ore would appear to be of excellent quality, although more or less 
mixed with graphite. The breadth of this bed could not be determined, 
owing to the wood-covered condition of the country, but from the large 
masses of ore scattered about in the vicinity there is little doubt that it 
occurs in abundance. 

It is probable that other beds of this ore will yet be found along the 
course of the rocks B, whose distribution has thus far been partaally 
pointed out, and will be farther understood from the description to be 
given of the distribution of the next overlying division (C), at the base of 
which this ferriferous belt occurs. Rocks similar to B were again seen 
largely developed in the vicinity of Flinton, in Kaladar township, where 
they are on the eastern border of the second transverse line of elevation, 
which brings up division A. They here stretch with an apparent thickness 
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of 8000 feet, northeastward along the Addington road, between Barrie 

and Anglesea, to Mazinaw Lake in the former township. Along the 

lme they are intersected by numerous reticulating veins of a pistachio- 

green epidote, which divide the mass into rhomboidal forms, and altogethor Epldotic 
bear a strong likeness to the description given in the Geology of Canada, | 
of similar diorites and slates in the Huronian system. In Addington they 

are also followed by a green slaty conglomerate, which at present is 
supposed to belong to the base of the next and highest division. 


Division C. 


The limestones, mica-schists and calc-schists of this division are spread upper division. 
in a very irregular manner over the country examined. As stated on 
page 146, they may be said to form two series of troughs running nortb- 
east and southwest, more or less connected with each other at their sides 
by two transverse depressions of the strata, and separated in the middle 
by a transverse elevation. 
The number of these synclinal forms is five, with an average breadth of 51, syncinals. 
between four or five miles each. The most southeastern one is so obscured 
by the interference of the overlying unconformable Lower Silurian hme- 
stone that little more can be said of it than that its axis may be considered 
to occur somewhere near Queensboro’, in the southeast quarter of Madoc: 
The axis of the second synclinal runs through the southwest and second basin. 
northeast corners of Marmora, and through the northwest quarter of 
Grimsthorpe. In this form the upper division has a length of about 
twenty-four miles from Crow Lake northeastward, and is divided into 
two parts of nearly equal length, which are separated from one another 
about a mile and a-half at the northwestern extremity of the Red Hills. The 
axis of the third would pass through the united corners of Belmont and :,,, pean. 
Lake and the centre of Cashel. In it the upper division stretches for 
about thirty miles northeast from Belmont Lake, and is separated, as in 
the last, into two nearly equal portions about a mile and a-half apart on 
Beaver Creek, about two miles below the bridge on the Hastings road. 
This synclinal is affected by minor northeast undulations, sufficiently pro- 
minent to divide it longitudinally into several subordinate forms. The fourth 5.0 ih pesin. 
axis runs through the adjoining corners of Methuen and Wollaston, and 
across the middle of the south line of Dungannon. In it the rocks of the 
upper division have an extent of fifteen miles southwestward to Eagle 
Lake, where the summit of the underlying division B appears, but what 
separation there may be between this and a basin on the same axis farther 
to the southwest, has not been clearly made out. The axis of the fifth 
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synclinal runs through the adjoining corners of Burleigh and Chandos, and 
those of Dungannon and Carlow. The rocks of the upper division in this 
extend from the York Branch of the Madawaska River, for about thirty miles 
to the south-western end of Loon Lake in Chandos. This form is, like all 
the others, probably divided into two parts by the out-crop of rocks of 
the lower divisions (A and B) somewhere in the northwest quarter of 
Wollaston. 

The different rock masses which fill these troughs, have already been 
given in the general section, and I shall now proceed to give some few 


_ local details in regard to their distribution, beginning with the lowest, (C 1). 


Limestones,C 1. 


Dolomites. 


At the base of the third division we have in many places large exposures 
of crystalline limestone, associated with dolomite. A white crystalline lime- 
stone of this horizon is very largely represented in the first synclinal in 
Elzevir, at the village of Bridgewater, and it has there been quarried for 
building purposes and used in Belleville. Westward from this the same 
band covers a large part of the fourteenth lot of the fourteenth range of 
Huntingdon, on the shore of Hog Lake, where it has been worked, and 
would appear suitable for constructions. It is, however, on this lot much 
more interstratified with white quartz, tremolite, and an impure talc-slate, 
all of them in thin layers, and it holds a bed of translucent quartz five 
feet thick. The layers of tremolite weather out in relief from the surface 
of the limestone and give a ribanded appearance to the rock. On this 
lot, near the shore of the lake, there is a considerable exposure of pale 
flesh-red somewhat magnesian limestone, weathering to a yellowish-drab, 
together with a brown-weathering dolomite cut by minute seams of 
magnetic oxyd of iron, which weather out into sharp edges on the surface. 
The flesh-red limestone, being of a compact texture, appears well suited 
for ornamental purposes; but both it and the dolomite are more or less 
micaceous, and often much interstratified with greenish dioritic slates. 
From this lot these bands run into Hog Lake, but are again seen about 
the middle of it, forming a large part of the Bridge Island. 

Immediately to the east of the village of Madoc, bluish and bluish- 
gray banded crystalline limestone belonging to this horizon (C 1) adjoins 
a drab or brownish-yellow dolomite. The limestone 18 more micaceous than 
in the previous locality, and the mica, being in continuous layers, at irregular 
distances through the mass, in most instances indicates the bedding of the 
rock. This limestone has been worked and used in Belleville, but does not 
furnish a very good building stone. 

On the seventeenth lot of the sixth concession of Madoc, at and around 
the Desperado mine, in the vicinity of El Dorado, a beautiful compact pale 
flesh-red very silicious dolomite occurs, and extends east and west into 
the neighboring lots. On the eighteenth lot of the fifth range, on which 
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is situated the Richardson gold mine, the dolomite forms prominent ridges 
much interstratified with silicious slates. 

On the line between the first and second synclinal, in the twenty-fifth 
and twenty-sixth lots of the sixth and seventh ranges, is a limestone of a Limestone. 
bluish-white, which would appear well suited for building purposes ; but 
no openings have yet been made on it in this locality. 

Yellowish-drab dolomites of a compact texture are seen on the east side 
of the Hastings road, in the twenty-second, twenty-third and twenty-fourth 
lots of the sixth range of Madoc, whence they strike in a northwesterly 
direction into the township of Lake. 

On the road running between the seventh and eight ranges of Madoo, in 
the fourteenth and fifteenth lots, ridges of a beautiful pinkish-white dolomite 
occur. It is of a rather compact texture, and appears to be very silicious, 
yielding much fine white sand in weathering. Veins of white translucent 
quartz cut this mass in many directions, holding occasional traces of copper 
pyrites. 

On the south-east side of the second synclinal, on the sixteenth lot of the Marble. 
eleventh range of Marmora, and extending into Madoc, there occurs a 
large area of white granular limestone which, when examined in 1866, 
was being quarried by a marble-cutter named Feigel. This marble seemed 
to work well, judging from the finished samples shewn me, and might 
be used for ornamental purposes. In accordance with your instructions 
samples of this stone were prepared and forwarded to the Paris Exhibition 
of 1867. 

In the third synclinal, at the south-western end of the north-eastern 
portion, a very fine grained white limestone was met with on the fifty-fifth 
lot, west side of the Hastings road, in Tudor, immediately adjoining the 
magnetic iron ore alluded to when describing the distribution of the ferri- 
ferous belt. 

Overlying the limestones and dolomites (C 1)°of this part of the upper 
division there occurs a series of mica-slates (C 2) grayish and sometimes Mica-lates, 03. 
greenish in color. Lighter and darker shades among these appear to be 
due to varying proportions of mica and in some cases of hornblende. 

The limestones and dolomites (C 1) appear to be wanting in some 
places, and in this case the mica-slates (C 2) rest upon the rocks of division 
B. It is then also somewhat difficult to define the line of separation 
between the two, particularly when the micaslates assume a greenish 
color, and the limit has, in such cases, to be somewhat arbitrarily 
assumed. 

The mica-slates of sub-divisions C 2 and C 8, are extensively developed 
in the south-eastern aide of the first or Madoc synclinal, where they have 
been described, together with the rocks of division B, by Mr. Macfarlane 


Mica-slates. 


Bannockburn, 


156 GEOLOGICAL SURVEY OF CANADA. 


in his Report for 1866. From Madoc they pass into the second synclinal, 
and in it are seen along the southern half of the eastern side of Tudor, and 
the western of Grimsthorpe. 

In their course along the north-west side of the synclinal, these slates are 
seen through the eastern portion of Lake, and southward to Bannockburn 
village, in Madoc township, in which last locality the rusty-weathering 
quartzites of the following sub-division, C 4, make their appearance, and 
together with the rusty mica-slates of C 3 predominate, almost to the 
exclusion of C 2. From thence they were traced southward, as far as 
Keller’s bridge over the Moira river, on the Hastings road, where they 
were overlaid by a patch of the Lower Silurian limestones. 

In Marmora, in the southern portion of this second synclinal, the slates 
of C 2 and C 8 are seen covering a considerable area on its north-western 
side, from the north-east quarter of that township to the foot or southern 
extremity of Belmont lake, in Belmont township; and thence slong the 
south-eastern side of the same synclinal through Crow Jake, in Marmora, 
beyond which they are concealed by the overlying Lower Silurjan lime- 
stones. 

In the third synclinal, namely that passing though Belmont and Lake 
townships, these slates are very largely represented in its southern part ; they 
are seen along its north-western side through the south-east quarter of 
Methuen and the southwest of Lake, and form prominent ridges near the 
bridge over Deer river, in the twelfth and thirteenth lots of the third range 
of Lake township. In the last locality they strike nearly north, with a dip 
to the eastward of somewhat less than thirty degrees, and are here seen 
to rest upon the ‘gneisses of division A. 

Further on in their course, these slates reach Burnt lake, which occu- 
pies the seventeenth and eighteenth lots of the seventh, and the greater 
parts of the same numbered lots of the sixth range, where islands composed 
of these slates mark the .run of the band through the lake, and belong to 
the northern extremity of the southern portion of the third synclinal. 

At the south-western end of the northern portion of the same synclinal, 
slates of divisions C 2 and C 8 are seen to spread over a considerable area 
in the vicinity of Dickey and Clear lakes, where the prevailing color of the 
rocks is gray. On the southeastern side of this part of the synclinal, 
these slates from the chief rock on the east side of Wadsworth lake, 
situated in the north-east corner of Tudor, whence they run into Cashel, 
with a steep dip to the north-west. On the north-western side of this 
third synclinal these slates of divisions C 2 and C 8 are but sparingly 
represented, and continue to be so in the two remaining synclinals to the 
north-westward. 

In the first or Madoc synclinal, at its southern extremity, on the farms 
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of O’Hara and McKenzie, lots three, four and five of the fifth range, the 

slates of C 2 are bluish, fine grained, and somewhat argillaceous, but with 

a cleavage however parallel with the stratification. These have been 
somewhat extensively quarried, and cut for whetstones, and are referred Whetstone. 
to in the Geology of Canada, pp. 66, 809. Further specimens of these 

slates were procured by myself during 1866, samples of which, cut and 
prepared in Montreal by an experienced person, were pronounced to be 

very suitable for whetstones. This variety has not yet been met with in 

any of the other synclinals to the northward. 

In different parts of the vertical thickness of the slates of C 2 and C 8, 
and in many places in their distribution, occur three different descriptions 
of conglomerate, all of which are seen on the lots just mentioned, where 
they occur in the following order, ascending : 


I. A dolomite much interstratified with dark silicious mica-slates, both often Congiomerates, 
holding large and well-rounded masses of quarts and syenite, which vary in 
diameter from one to twelve inches. 
IT. A black and very silicious slate holding large boulders of gneiss and syenite, 
and forming smooth rounded dome-like ridges. 
Il]. A grayish and sometimes greenish mica-slate, having small flat ovoi ]'pebbles of 
vitreous quartz lying on their sides in the planes of bedding. 


It may be remarked that while the last conglomerate is the highest 
in the series, it is also the most continuous of the three; the other two 
coarser conglomerates appear to occur in lenticular patcaes of a more 
local character. At the village of Bridgewater conglomerate layers 
abound in a band of mica-schist 120 feet thick, having a streaked sur- 
face from the alternation of grayish and reddish layers. The enclosed 
pebbles are of red and white quartz, occurring in parallel beds from two 
inches to five feet in thickness, which are separated by mica-schist layers 
holding only a few scattered pebbles. 

Westward from this a similar band of conglomerate is seen on the 
north side of the road leading from Bridgewater to Madoc, on the third 
lot of the eighth and ninth ranges of Elzevir, which appears to me to be a 
continuation of that of Bridgewater. Here, however, it is associated with 
one of the coarser conglomerate bands (IT) rising in large rounded ridges 
from the field. The matrix appears to be chiefly a black silicious slate, 
and it is more or less charged with well-rounded fragments of quartz and 
syenite. Adjoining this, but below it, there occurs a conglomerate with a 
schistose dolomitic matrix, the pebbles themselves sometimes being of 
dolomite, interstratified with similar black silicious slates. In some places 
the rounded fragments once enclosed have been removed from the exterior, 
giving to the surface of the mass a pitted and cellular appearance. Where 


these rounded masses are enclosed in the greatest abundance they lie in 
M 


Division C 5. 


Varioties of 
C6, 
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the form of parallel beds or lenticular patches, the portion between these 
beds holding only a few scattered pebbles. 

These conglomerates in the first synclinal are lost sight of for some 
distance under the horizontal Silurian limestones, but are again seen 
immediately to the north of the village of Madoc, forming a conglomerate 
ridge described in the Geology of Canada, p. 82. The matrix of this is 
a mica-slate more or less charged with grains of a dark green steatitic 
mineral. The enclosed fragments are in general rather angular, and of 
white and black colors. Similar conglomerates occur on the third, fourth 
and fifth lots of the fifth range of Madoc, where they are on the north- 
western side of the first or Madoc synclinal. 

In the third synclinal, on the north-west side, conglomerates are seen 
associated with slates, and forming several islands, running with the strike, 
on Belmont Lake, where they have already been described in Mr. Murray's 
Report for 1852-3. They dip to the east or south of east, and are similar 
in character to those above mentioned. 

The lower members of the upper division, thus far described, (C 1,C 2 
and C 3) constitute, in their distribution, the rim of the two sets of troughs 
into which the five synclinals of the district have been divided. The 
centres of these troughs are filled with the calcareous and quartzose beds 
which correspond to the higher members of the upper division. Later 
observations make it probable that the thickness of 1900 feet assigned in 
Madoc to the quartzites C 4, is an exageration, since in the second and third 
synclinals these quartzites are much less conspicuous, and cannot be dis- 
tinguished from certain quartzose beds which appear to be interstratified 
with the calcareous strata of C 5. This subdivision presents many varieties 
of rock, some of which are repeated several times in the vertical thickness. 
The strata, however, are corrugated by numerous minor undulations, which 
often give repetitions of the variety of a special horizon, on a given line 
of section. It hence becomes impossible to give the sequence of these 
varieties, which I shall therefore describe in the order of their importance 
as seen in the township of Tudor, where they are as follows :— 


1. Gray micaceous limestones or calcareous mica schists, somewhat plumbaginou 3, 
with Eozoon Canadense. 

2. White and bluish-gray compact limestone, slightly silicious. 

3. Grayish quartzite weathering to whitish and yellowish-brown, and shewing these 
colors in alternate bands on weathered surfaces. 

4. Gray impure sandy limestones with a pitted weather-worn surface, streaked and 
spotted with ferruginous stains. 

5. Gray impure limestone, similar to the last, bat in addition holding radiating 
concretionary forms of a greenish-black hornblende, the latter weathering 
out in rusty sub-globular masses, which are scattered irregularly through 
the rock, and vary in size from one quarter of an inch to one inch in 
diameter. This band seldom exceeds six feet in thickness. 

6. Small interstratified bands of diorite or diabase, chiefly seen towards the base of the 
sub-division O 6. 


Re ee 
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Their distribution has been sufficiently pointed out in describing the 

. slates C 2 and C 8, which, as before stated, form the rim of the troughs 

- occupied by the higher rocks. It should be mentioned, however, that in 

, passing north-ward from the second to the fifth eynclinal, in Hastings, 

the alates and limestones of the subdivisions C 2—C 5, gradually diminish 
in amount, and only the beds of C 1 are observed in the fifth synclinal. 

The schistose and plumbaginous limestones of © 5 are characterized by 
the occurence of the fossil rhisopod described by Dr. Dawson under the 
name Fosoon Canadense. Unlike the specimens of this fossil found in the 
crystalline Laurentian limestones at several localities on the Ottawa, in 
which the caleareous skeleton is generally filled with serpentine or some 
related silicated mineral, the Eozoon from this region is imbedded in an 
impure earthy dark, gray limestone ,with which and with carbonaceous 
matter, the cavities in the white calcareousskeleton are filled. Fragments 
of Eozoon from this sub-division, were first detected by Dr. Dawson from an 
unknown locality in Madoc, but numerous epecimens of the fossil have 
since been found on the fifteenth lot of the range east of the Hastings 
read, in Tudor. The specimens from this region like those from the 
Calumet on the Ottawa, are small isolated imbedded masses, unconnected 
apparently with any continuous reef such as exists at Grenville and 
the Petite Nation. 

Specimens of the Eozoon from Tudor and Madoc have been described 
and figured in a series of papers read before the Geological Society of 
London, by yourself and Drs. Dawson and Carpenter ; published in the 
Quar. Jour. Geol. Society of London, for August, 1867, and reprinted 
in the Canadian Naturalist, vol. iii, No. 4. 

Tn conclusion, I would state that, with a view of determining the 
further spread of the rocks of division C, explorations were carried on 
northward from the York branch of the Madawaska river, between the 
townships of Monteagle and Herschel, as far as the Peterson road ; 
thence eastward along that road through Wicklow, Bangor, Radcliffe and 
Brudenel, to the Opeonga road ; and south-eastward through Sebastopol 
and Grattan to Renfrew village on the Bonnechère river, but without dis. 
covering a repetition of these higher rocks. The whole tract of country 
thus explored is composed of rocks similar to those of division A of the 
general section. 


Lower SILURIAN Luaestonzs. 
To the north of the great area of Lower Silurian limestones of the 


Trenton group, whose limit was described by Mr. Murray in his Report 
for 1852-8, we find isolated, or island-like patches of these limestones for 


Eozoon Cans- 
dense. 
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istance northward in the townships of Madoc and Marmora, and 
sparated by some miles of country occupied by the older rocks- 
these patches of limestone, about one mile in length by one-half 
Ath, occurs as far north as lots five, six and seven on the line 
a the townships of Lake and Methuen, ten miles distant from the 
ry of the main Silurian area, where it forms a tract of good land 
as the Van Senkler settlement. 
ugh Madoc and Marmora there occur similar but more extensive 
f these limestones, which are shown on the map accompanying the 
Report, and were described by Mr. Murray in his Report already 
‘These Silurian islands almost invariably present a precipitous front 
north, the strata dipping ata very slight angle southward, and 
lly becoming covered by a deep soil, their ruins stretching far 
the limit of the limestones themselves, and forming rich and fertile 
Throughout Madoc the chief settlements are in the vicinity of 
mestone islands, and are often separated from one another by tracts 
, barren and unfit fox cultivation. 
re these limestone have been denuded, their surface is seen covered 
aerous grooves or markings, the general trend of which is from 
3° east of north, the same strike being also observed in grooves 
a exposure of red syenite crossing the Hastings road to the north of 
lage of Madoc. 


Economic MInERALs. 


economic minerals of the district under examination, as known up 
6, were the ores of iron, lead, copper and antimony, with whet- 
lithographic stone, building stones and limestones, to which are 
» be added ores of bismuth and silver, and also native gold. 
netic and Hematitic iron ores.—The ores of iron, both magnetic and 
tic, occurring in Hastings county have been mentioned in several of 
inual Reports, as well as in the Geology of Canada, and having been 
the special subjects of Mr. Macfarlane’s Report so recently as 1866, 
little to add to what has heretofore been said about them.* The 
ution of the ferriferous band, in which all the magnetic ores are 
aed, is no doubt a matter of economic value, but this, as far as I have 
ible to trace it, has been given in that part of the Report which is 
id to geological structure, page 150. All that I have to state therefore 





giving the localities of iron ores in that report the two following typographical 
pecur: page 100, 9th line from the bottom, “ the ninth lot of range siz,” should be 
‘ath lot of range nine,” : page 102, 16th line from the bottom, “ Madoc” should be 
tora.” 
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will be little more than a few facts respecting new openings in the Big ore 
bed of magnetic oxyd on Crow Lake. 

Although the lower part of this ore bed had been previously tried, little of Belmont. 
that part had been excavated. In 1867 a company, composed of gentle- 
men from the United States, was established for the purpose of working ore 
from the bed, with a view to its being smelted. After trials of several 
parts of the band that near the base was found to be of suitable purity, and 
during that year 300 men were employed in mining and sorting the ore, of 
which, towards the end of the season, 150 tons a-day were being carried 
away from the locality by rail, and shipped at Cobourg. A few hundred 
yards south-east from the main work another excavation was made upon 
what is called the Sand-pit bed, supposed to be still in the band, from 
which a purer ore was obtained. The ore from both excavations was 
sorted into three qualities, of which Nos. 1 and 2 were selected for exporta. 
tion, while No. 8 was left on the ground for future disposal. 

In Mr. Macfarlane’s Report for 1866 mention is made of the specular 
ore of iron occurring on the second lot of the fourth range of Elzevir. This 
deposit was opened during my stay in Bridgewater in 1867, but the ore 
was not found to exist in remunerative quantity. Mr. Macfarlane makes 
mention of the occurrence of hematite in a ploughed field, in and around Hematite. 
a depression on the east half of the twelfth lot of the fifth range of Madoc, Madoc. 
where the appearances were such that, although assured no mining had 
been done there within the memory of the oldest inhabitant, he could not 
resist thinking that the depression was all that remained of an open work 
from which much,ore had possibly been raised and removed. This lot, 
I understand, is the property of Messrs. T. C. Wallbridge & Brothers ; but 
Mr. D. L. Cumming informed me that the lot was cleared of its timber by 
him in 1831, when there were but thirty families in the township. He 
assured me also that the depression existed then as it does now, while the 
trees of the forest were still growing in and around it ; that he was the firat 
person to see and report the occurrence of this apparently rich deposit of 
hematite, and that since then eight tons extracted by him, and sent to 
Three Rivers to be smelted, was the whole quantity of the ore that had 
been removed from the place. 

The ore appears to occur in loose masses, ranging in weight from one to a 
hundred pounds, and there seem to be no boulders of other rocks mingled 
with them. I was informed, however, that a large pair of antlers of some 
species of deer had been found imbedded in the ferruginous soil. Not only 
this but other deposits of hematite in Madoc and the neighboring town- 
ship appear to occur in depressions in the gneiss, filled with loose masses 
of the ore, the geological horizon of which seems as yet to be very uncertain. 

Veins of specular hematitic ore are found cutting the chloritic slates of 


Galena. 


Tudor. 


162 GEOLOGICAL SURVEY OF CANADA. 


the ferriferous belt, as along the west side of Belmont Lake, and more 
particularly on the eighth lot of the fifth concession of Belmont township. 


- The ore in these veins, however, is but of minor importance. 


Galena.—Most of the localities known as affording galena have been 
noticed in Mr. Macfarlane’s Report for 1866, but during my explorations 
in Tudor, having visited all the lead-bearing lodes, openings were found 
to have been made in some of which the localities only had been previously 
indicated, and one or two were in a better condition for inspection than at 
the time of Mr. Macfarlane’s visit. 

One of these, on the twenty-eighth lot of range B in Tudor is a vertica} 
vein running N. 70° W*., the strata of calc-schist dipping 274° > 76°. At 
the time of Mr. Macfarlane’s visit a shaft, which had been sunk on it to 
the depth of thirty-seven feet, was half full of water, preventing him from 
doing more than to state the information he had received from others. 
In 1867, I found that the lode, of which the veinstone is barytes and calc- 
spar, had yielded on the average three quarters of an inch of galena ; but 
the bottom of the shaft showed no more than half an inch of barytes, without 
galena. I was informed by Mr. W. Kesterman, of Belleville, then super- 
intending the mine, that there had been extracted from the vein about 
six tons of galena, four and a-quarter tons of which were sent to New 
York for sale, after being simply crushed, and found to yield 66 per cent 
of lead. 

On the thirty-first and thirty-second lots of the range east of the Hast- 
ings road, in Tudor, a lead-bearing vein runs in a vertical attitude N. 
57° W., cutting the gray calc-schists with strike N. E. E. In 1867 
it had been traced, in the direction given, across both the lots mentioned, 
with very good surface indications, and was known as the Murphy mine. 
The Hastings Lead-mining Company subsequently sunk a shaft on it, which, 
I understand, has been carried down to a depth of 125 feet, but the result 
being unsatisfactory, the work was abandoned. 

On the twenty-eighth and twenty-ninth lots of the fourteenth range of 
Tudor there is a vein of red and white heavy-spar, holding galena, and cutt- 
ing the gray calc-schists. Its bearing is N. 5° E., and it stands in a vertical 
attitude, while the enclosing rock, also vertical, strikes almost due north 
and south. It was discovered some eight years ago, and was first opened 
in 1859. In 1867 the mine was leased by Messrs. Lombard & Co., of 


Boston, who were working it at the time of my exploration in Tudor, and I 


had an opportunity of examining the shaft when free from water. The 
walls were regular and well defined, the width between them bemg in 
some parts from eighteen inches to two feet, and the ore appeared in 
scattered and irregular bunches in the gangue. When first opened this 





* The bearings in these descriptions are magnetic, the variation at Madoc being 5° West. 
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vein yielded some large masses of ore, bat, as in a previously mentioned 
instance, they greatly diminished, descending, and at the bottom of the 
shaft, which was twenty-five feet deep, there was scarcely any ore. In 1868, 
at the depth of forty-two feet, the mine was abandoned. It may be 
remarked that many of these veins in Tudor, yielding considerable 
bunches of ore near the surface, shew little more than traces of galena at 
the depth ofa few feet. Of twenty-five localities in Tudor in which gal- 
ena was discovered and partially worked, but one, the Murphy mine, con- 
tinued to be worked in 1868. 

The west half of the tenth lot of the eleventh range of Lake is another Lake. 
of the localities mentioned by Mr. Macfarlane. On this lot, which was 
some time since bought by Messrs. Gillum & Kesterman of Belleville, 
occars the Donahue vein, striking N. 50° W., and standing in a vertical 
attitude. Little however has here been done, and although the lode has 
a width in some parts of from twenty to twenty-four inches, bounded by 
regular walls of gray calc-schist, the galena occurs only in scattered and 
irregular patches and inconsiderable quantity. 

On the eighth lot of the eleventh range of Lake (or possibly in the tenth 
range) à vertical vein, holding galena in a gangue of heavy-spar, runs 
through the calc-schists in the direction N. 45°—50° W. The lode varies 
in thickness from ten to eighteen inches, and is bounded by well defined 
walls. Little had been done on this lot up to 1867, but in the short 
distance then uncovered, I saw extracted some masses of ore at the depth of 
three feet from the surface, which weighed from fifteen to forty pounds, 
and I was informed that when first discovered much larger masses had 
been taken from the vein. The lode is supposed to be on the property of 
Mr. Wm. Sweeny of Tudor, but in consequence of the defective manner 
in which the township has been surveyed there at present exists a dispute 
as to the ownership of the lot. 

The lead-bearing veins just noted I believe to be the most important in 
Tudor and Lake, so far as examined. In these townships there appear to be 
two distinct seta of these veins; one of them running north-west, and the Two sets of 
other north-east by north, those in the former direction being the more 
numerous. Where such veins cross one another there appears in general 
a fair show of ore at the surface, which, however, as in other cases, often 
diminishes at the depth of a few feet. 

There occurs a north-west and south-east lode near the south-east corner 
of Methuen, where, in 1868, a shaft was being sunk by Messrs. Parker & Mothuen. 
Baker. On this lode two or more shafts have been opened on the eastern 
edge of the second lot of the first range, close to the boundary line of Lake. 
The lode cuts gray vertical calc-schist, striking N. 20° E., and is composed 
of calcspar and heavy spar, the former being of a rose or flesh-red color, in 
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which there is a good shew of galena. The average width of the lode is 
about eighteen inches, and it has been traced in a seuth-easterly direction 
for nearly three miles into Marmora. 

All of the lodes above mentioned, as well as all those noticed by Mr. 
Macfarlane in his Report of 1866, intersect the calc-schists(C 5) ; but it is 
not to be supposed that this is the only rock in which they occur, as it 
has been shewn thatin parts of the country to the east, lead veins parallel 
to those of Hastings, and no doubt of the same system, cut not only the 
gneisses and crystalline limestones corresponding to division A (as for 
example the Frontenac mine described below,) but run up into the uncon- 
formable Lower Silurian, as far at least as the Calciferous formation. It is 
not surprising, therefore, to find on the eighteenth Jot of the first range of 

Ebsevir. Elzevir a lead-bearing lode running N. E., and intersecting the diorites 
of the middle division (B). The gangue of this lode consists of quartz, 
which, in a breadth of three feet, exposed in an opening which had 
been made, appeared to be much mixed with fragments of wall rock. 
The galena is scattered through the gangue in small, irregular but 
somewhat abundant bunches, in which the crystals are smaller than 
is usual in the lodes of other parts of the district. At the time 
of my visit, which was not long after the discovery of the lode, but 
a small quantity of ore had been taken out. On the authority of 
assays made by Dr. Girdwood of Montreal, and Mr. J. T. Bell of 
Belleville, the galena is said to hold a considerable but variable quantity of 
silver. 

Frontenac Lead Mine.—In connection with my examinations of the lead 
deposits of the Hastings region I visited the Frontenac mine in the rear of 
Kingston. The mine is situated on the south half of lot sixteen in the 

Loughborongh. ninth concession of Loughborough. The rock of the country consists of 
grayish and reddish gneiss, interstratified with thick bands of crystalline 
limestone, all striking N. N. E. and 8.8. W., and dipping to the westward at 
ahigh angle. The vein cuts these various bands at right angles, having a 
course about N. 75° W., or N. 70° W. (mag). The portion worked has a 
slight underlie to the north, at the surface, but becomes vertical at a depth 
of sixty feet in the main shaft. 

Frontenac From this shaft an adit has been run about 400 feet west and 50 feet 
east. The average width of the vein appears to be about ten feet, although 
at the main shaft it varies from thirteen to nineteen feet. The veinstone, 
which consists of calcspar only, is arranged in bands, more or less coarsely 
crystalline, and sometimes of a purplish or lilac color. The only other 
minerals observed were very small quantities of iron and copper pyrites and 
blende. The galena is diffused in crystals and bunches throughout the 
whole vein, but appears to be most abundant towards the north wall. It 
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also appeared to have a disposition to run in shoots, having a western slope 
of about 45°. Between one and two thousand tons of ore had been mined. 
This had been sampled and portions of it assayed mechanically by Dr. 
Dawson, Professor Chapman and others, the mean of whose results gave 
from 12 to 15 per cent. of galena. A crushing mill, with washing machi- 
nery, and a smelting furnace have been erected. A quantity of the 
undressed ore has been crushed in this mill, and about five per cent. of 
galena obtained from the whole, but the work appears to have been very 
imperfectly performed. The pig lead produced is of an excellent quality. 
Professor Chapman’s assays shew that it contains an average of about four 
ounces of silver to the ton of galena. 

The vein may be traced by a series of dry depressions in the surface, 
or sink-holes, almost continuously for a distance of one mile to the 
eastward, the breadth somewhat diminishing, but the vein has still the same 
characters, and is in some parts rich in galena. On the eighteenth lot in the 
eighth concession a second vein runs parallel to the first, at a distance of 
about one hundred yards to the north of it. This second vein appears tv 
be from three to six feet in width, and shews galena wherever it has been 
opened. It carries also a little barytes, which has not been found in tlic 
main vein. Smaller parallel lead-bearing veins have been discovered on 
the adjoining lots to the north. The main vein is reported to have been 
met with (still carrying galena) on one of the lots west of that on which it 
is worked. | 

Gold.—In the early part of August, 1866, while exploring in the neigh- 
borhood of Bannockburn village, in the township of Madoc, I was informed 


that a metal, suspected to be gold, had just been taken from an opening in Gola. 


the eighteenth lot of the fifth range of the township,on the property of Mr. 
J. Richardson. A visit was at once made to the locality, and the lot was 
found to be the same as that on which openings had previously been made 
for copper ore, described in Mr. Macfarlane’s Report of 1866, (p. 106.) 
Mr. Richardson informed me that a person named Powell, and an old 
Dutch miner, had lately found flakes of yellow metal resembling copper. 
which he could beat out into thin leaves. At my request he shewed m: 
the specimens which he had collected, and E at once informed him thet 
the metal was gold. | | 

The opening from which it had been taken was on the east end of th: 
lot, the copper veins being near the south-west corner; and in it an irregu- 
lar layer of chloritic and epidotic gneiss was overlaid by a silicious 
ferruginous dolomite, and underlaid by a band resembling an impure steatite, 
the whole dipping N.5° E. < 45°. The seat of the gold appeared to be a 
crevice of longitudinal ovoid form, about four feet below the surface, which 
was filled with reddish-brown ferruginous earth, in which were scattered 


Richardson 
mine. 
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fragments of a black carbonaceous matter, the latter shewing, when broken, 
small flakes or scales of the metal. The crevice seemed to be in the schist, 
at its junction with the dolomite, and presented an attitude conformable 
With the stratification. This I believe to have been the earliest discovery of 
the metal, and samples were procured and sent to the Geological Survey 
office long before any reports were generally circulated as to its existence 
in the township. Having remained in the vicinity of the opening for a few 
days while some fresh blasts were made, and seeing no farther develop-" 
ment of the precious metal, my general exploration was continued. 

Early in October, however, information was brought to me that farthor 
discoveries of gold had been made on the Richardson lot, and returning, I 
found that at the depth of fifteen feet another open crevice had been struck, 
which, beyond doubt, had proved rich in the metal. By permission of Mr. 
Richardson I examined the opening, and took such samples for assay as 
were thought proper. The shaft, to the depth of fifteen feet, with a trans- 
verse measure of about seven feet, had been sunk the whole way on the 
slope of the strata, which were of the same character as those already des- 
cribed. The chloritic and epidotic gneiss appeared to be much intermingled 
with calcspar and bitter-spar, which ran in short lenticular interlocking 
patches, each an inch or so thick, ina total width of about eighteen inches 
at right angles to the stratification, and in place of them there were occa- 
sionally small openings partially filled with the ferruginous earth, in several 
of which gold was detected. The opening at the bottom, which was of 
a nearly circular shape on the plane of the bed, and about eighteen inches 
across the stratification, appeared to include the whole thickness of the 
band holding the smaller dolomitic patches and cavities above. It was par- 
tially filled with the same brown ferruginous earth as before mentioned, 
with which black carbonaceous matter was much intermingled. In some 
parts of the opening this black substance appeared to adhere to the 
chloritic schist, and in others to the dolomite. 

From this opening* I extracted about three pints (by measure) of the 
ferruginous carbonaceous earth, and the following were the results of some 
very rude experiments tried on the spot. Taking a pint of the earth, just 
as it came from the opening, it was reduced by washing to one-half its 
bulk, and when dry the residue was pulverized. Spreading the latter 
in a shallow tray the lighter substnces were removed by continued 
shaking and gentle blowing, and there remained a dark colored gold dust, 
in which were a few angular fragments weighing from one to three-and-a- 
half grains each. The whole of this dust weighed fifteen pennyweights ; 
but there can be little doubt that by the rough method used a considerable 
amount must have been lost. In a second experiment two-and-a-half 





* Now known as the Phoenix Mine, 1870. 
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pints gathered by me, yielded, by a rade washing and amalgamation, 
twenty-six pennyweightsof pure gold. Rough as these experiments were, 
they afforded sufficient proof of the unusual richness of the deposit. 
At this time no trace of the metal was observed in the enclosmg rock, 
but shortly afterwards some very beautiful and rich specimens from the 
same opening were shewn me, in which the gold was enclosed in the 
dolomite and calcspar. 

Shortly after the examination just alluded to, in consequence of disputes 
connected with the mine, the shaft was closed up, and no farther examin. 
ation was permitted. On the arrival, however, of Mr. Michel on behalf of 
the Geological Survey, some weeks later, he with difficulty obtained a hur- 
ried view of the opening, and the results of his observations subsequently 
appeared in a Report addressed to you onthe 29th January, 1867. 

The seat of the gold in the Richardson Mine does not appear to me to 
be atrue vein, but simply a series of crevices or openings in a gold- 
bearing bed, formed of chloritic and epidotic gneiss holding patches of dolo- 
mite and calespar, the openings being nothing more than such as are 80 
. often met with in the dolomites and calo-schists of this region as almost to 
entitle them to the appellation of cavernous. Thinking it therefore possible 
that the gold of the Richardson Mine might be confined to a special horizon, 
I proceeded to trace out the rocks at the junction of which it occurs on 
the Richardson lot, and it may now be stated that some recent and reliable 
discoveries made during the season of 1868 seem to make this conjecture 
probable. 

The rocks of the Richardson lot are exactly similar to those which have 
been described as running though the farms of O’Hara and McKenzie in 
the fifth range of Madoc, which are, however, on the opposite side of an 
anticlinal, and the seat of the gold seems to be at the junction of th® 
mica-slates (C 2) and the dolomites (C 1) of the section there des- 
cribed. This position would be at no great distance above the ferri- 
ferous band, and the course of that band, as already given, may thus become 
a guide not only in the search for iron, but for that of gold also. 

In Elzevir, Madoc, Marmora, Lake and Tudor the number of localities 
in which openings have been made in the rock by prospectors in search of 


gold are too numerous to be mentioned. It would, perhaps, be too much trials for gola 


to say that every lot had been tried, but it appears to me that the excep- 
tions, particularly in Marmora and Madoc, cannot be very many. Of 
these localities I may say that I have visited all in which gold was reported 
to have been found, particularly when it was understood that an excava- 
tion of some depth had been made, and the work was still in progress. In 
some cases admission to the excavation was refused to me, and in others, 
in consequence of disputes in regard to ownership, excavations have been 


id 
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filled up to prevent access by the public. A large number of specimens, 
however, have been brought to the Survey office for analysis, but all those 
localities in which, up to the present time, the occurrence of gold has been 
verified, appear to have the same relation to the ferriferous belt, and to 
be geologically above it, but never at a great distance. 

The localities on which I would rely as supporting this view are included 
in the following list, in all of which the occurrence of gold, in greater or less 
quantity, has been verified : 


Marmora, range IX lot 6 Goldin quartz holding tron pyrites and mispickel, and 
interstratified in a silicious dolomite, sometimes in 
association also with chlorite-schist. 


te ci € a 7 & 8 tt és & « ce 
«6 a VIII te 6 ti ct « « 
ét € VIII ci 8 te 6“ ce & 
ti C4 VIII Tf 9 4 tt « ct € 


The gold in these four lots stands in the same strati- 
graphical place in relation to the Marsh iron ore bed, 
which is on the fifth lot of the ninth rarge of Marmora, 


‘ and thence strikes northward parallel with the 
gold-bearing rock. . 
“ eo X ‘ 15 Gold in quartz and sulphurets scattered through a sili- 


cious dolomite, and sometimes in connection with 


an interstratified chloritic schist. 
ci ee x [74 16 ét té cé ce ce 


ac 66 XI & 18 at € € “ ct 
tt ct XI ‘6 16 CL & 6€ . [13 & 


On this lot is situated the Feigel mine, and the gold 
in it and the preceding lots isin the same strati- 
graphical place as before. 

Madoc “« IV “© 18 Gold in cavities with ferruginous earth and carbonaceous 
matter resulting from the decomposition of small 
interposed layers or irregular veins of bitter-spar, 
etc., between layers of chloritic and epidotic gneiss, 
and also ‘of dolomite, in which latter rock also 
gold is sometimes seen. 

« OV 4 18 Gold in the same conditions as before. This is the 
Richardson mine, and in this and the previous 
locality the stratigraphical place of the gold is in 
the same relation to the iron ore of the seventeenth 
lot of the fifth range of Madoc as it was to the Marsh 

iron ore in the previous instances. 

u « VI “21 Gold in antimonial gray copper ore forming small veins 
with calcspar, bitter-spar and quartz in a brown- 
weathering dolomite belonging to the same band as 
before, and associated with chloritic and epidotic 
gneiss. This is the Empire mine, occurring in the 
village of Madoc. 


Ec ae. 
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Hungerford, range XIV lot 9 Gold in traces in antimonial gray copper ore occurring 
in nests with quartz, in whiteand pinkish crystalline 
limestone, which is associated with dolomites sup- 
posed to be on the same horizon as the dolomite 
above the ferriferous band.® 


These various localities seem to have a pretty uniform relation to the 
ferriferous belt, and the existence of gold is reported in many other loca” 
ties on the same geological horizon. I have little doubt that it occurs in 
many of them, but have not yet been able to verify its presence in them 
by my own observation. I must refrain, therefore, from doing more than 
refer to the general course of the iron-bearing band, which has already 
been indicated, a close proximity to the summit of which will, in my 
opinion, afford the most probable positions for the discovery of gold. 

A number of specimens from openings reputed to yield gold were col- 
lected for assay in various parts of the county of Hastings, and I give, in 
conclusion, the results of their assay by Dr. Hunt, the method employed 
being the same as that described by him in his Report for 1866, p. 80, and 
the amount of ore treated in each case 100 grammes (1548 grains). 





* In addition to the localities cited above, gold is mentioned by Mr. Michel as occur- 
ring on the second lot of the fifteenth range of Elzevir, and I have myself, since the date 
of this Report, found small quantities of gold by assay in specimens brought by me from 
the second and -third lots of the fourth range of the same township. The rock in 
latter locality is a mixture of quarts and carbonate of lime, holding bunches of the 
gray and pyritous sulphurets of copper, and it appears to be an interstratified bed, 
very similar to that above mentioned in Hungerford. 

t The following assays were made by Prof. Jas. T. Bell, of Albert College, Belleville, 
and are given as confirming of the great richness of the ore from the Empire mine :— 

Madoc village, range V., lot 2.—Shaft, Empire mine; antimonial gray copper; three 

assays by five vieided respectively per ton, of 
gold and silver united, $488, $492, $497. 

Mr. Bell informed me that during the month of May, 1868, he visited this mine and 
selected samples, of which the following are assays :— 

Two pounds were submitted to amalgamation, and free gold was obtained at the rate 
of $1.35 to the ton. The concentrated sulphides (one ounce) were smelted, and one 
grain of silver and 0°034 grains of gold were obtained, being equal to 

66 os. 13 dwt. 8 gr. of silver per ton. 
24 6 “ 8 “ gold « 

In addition to the lists of localities in which the presence of gold has been verified by 
my personal examination, and by assay of specimens in the laboratory of the Geological 
survey, I now give, in addition, several other loealities, in which the existence of the 
precious metal has been observed by persons worthy of confidence, more particularly by 
Mr. Michel and Prof. Jas. T. Bell :— 

1. Madoo, Range IV,, Lot 16. 10. Madoe, Range VI., Lot 29. 18. Elsevir, Range if. Lot 15. 


2. o V., 9/11. « VI, ‘ 9. 11, 

3 6 V, “MI « “ Vil, “ 18. |20. Hungerfd,“ ZX," ‘: 19 
4. 4 « Y. © 97.118. Marmors, “ Vill.“ 10 | 21. x; “ 90. 
5. as a6 Y., os 28. 14 QU a6 IX., 9. 22. fe as XL. « 

6. oe sè V., se 660. 6. e et Z., 6 8. 23. ee 66 XII., CL 2 
T. “« Vv, “ 90. |16. Elsevir,E.“ I “ 10. | M. ooo) XY « 2% 
8. | « Wi, « 16. eo" TF, «6. 1 85. oe XIV," 8. 
9. rT te V1., 7, 
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Dr. Hunt's 1. Madoc, range V. lot 2.—Dolomite adjoining the veins at the Empire mine, 
assays. as free as possible from sulphurets. Trace of gold, 
not more than 1 dwt. per ton. 
2. & “ V., 2.—The ore from the Empire Mine was an antimonial 


gray copper (fahlerz), associated with some crys- 
tals of mispickel, iron pyrites, and a little galena- 
The washed and dressed ore gave to analysis, 
besides copper, antimony and sulphur, small 
amounts of arsenic, iron, zinc, lead and silver 
with a portion of gold. 53 ounces from the 
vein, gave by crushing and washing 6? oances, 
equal to 13 percent. of ore, still containing about 
one-fourth its weight of sparry matter. The assay 
yielded a button of silver rich in gold, amounting, 
for the ton of 2,000 pounds of dressed ore, to— 
9°72 ounces of gold...... $206.50 
120°74 ‘ § gilver..... 155.70 


$362.20 
Making allowance for the proportion of gangue, 
equal to one-fourth, still remaining in the dressed 
ore, we have for the pure ore a value of $482.93. 
A trial of selected fragments from the same mine, 
in which the amount of sparry matter was not 

determined, gave aa follows for 2,000 pounds :— 
43 ounces of gold.......-$ 96.46 
571-6 “ “silver....... 78.74 





$170.20 
3. «OC « V., % 1%.—-Sparling’s mine, Eldorado, dolomite; said to have 
yielded $53 gold per ton. No trace of gold. 
4 & «  V,,  “ 18.—Richardson mine, from shaft. No trace of gold. 
“« Y., “ 18.—Richardson mine, gray silicious dolomite, with some 
disseminated pyrites. A trace of gold. 
6.  & &  V., © 18.—Richardson mine, ferruginous earth from cavities in 


the rock, yielded by amalgamation, from a trace 
of gold, up to $380 per ton. (See page 166.) 

7 & 6 VII, “ 17.—Madoc Mining Co., a fine-grained, bluish dolomite, 
said to have yielded 13 oz. 10 dwt. of gold per 
ton. It gave, on assay, only a trace of gold. 


8  «“ “« XI, “ 16.—Shaft; quartz from a vein, with iron ochre. Trace 
of gold. 

9. & “ XI, 4 16.—Same shaft; quartz, with ochre. No trace of gold. 

10. Marmora, “ I. “ 30.—Shaft; quartz, with black tourmaline. No trace of 
gold. 

11, “ IIF, * 15.—Shaft; micaceous dolomite with thin quartz seams. 
Trace of gold. 

12, = & “c ov. “% 17.—Shaft; John’s mine; vitreous quartz, with some 
pyrites and native copper. No trace of gold. 

iz, c VI, “ 18.—Shaft; quartz with bluish tourmaline, calcite, and 


some ochreous matter, in greenstone. No trace of 
gold. 
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14, Marmora, range IX., lot 7—Sbaft at Berry's mill, sixty feet deep, o: 
fost wide; gangue, quarts with mispl 
and free gold. Yielded me, by fire 4 
3 gr. per ton. A specimen, in whi 
visible, yielded as high as 9 dwt. tot 
15, Belmont, “ IL, “ 18.—Specimen from shore of Belmont Laki 
weathering mice slate, with ferrug 
seams, No trace of gold. 


UL, “ 12.—Shaft; vein of quarts. A trace of gold 
IIL, “ 12.—East vein ; concentrated sulphurets, roa 
a little over $7 per ton. 
i WII, “ 13.—Dolomite, and Deer River. A trace of { 
1. Ekevir, “ IV., lots3,3.—Antimonlal gray copper ore, in a calcar 
A trace of gold. 


NS: 
sé 
F 


In the assays 16, 18, 19, the amount of gold in no case ex: 
dwt. to the ton. 

Bismuth.—The occurrence of carbonate of bismuth in the { 
Tudor has been alluded to by Dr. Hunt in his Report on the ; 
of Hastings, in 1867, (page 6). It was found on lot thirty-f 
third range of Tudor, in a vein cutting the hornblendic rocks of 
and an overlying magnesian limestone, the dip of which was a 
five degrees to the north of west. The vein, which is very ii 
size, sometimes attains a breadth of two feet or more, and runs : 
dipping at a high angle to the south-westward. The veinstone : 
vitreous quarts, carrying near the surface small masses of ca 
bismuth, which, lower down, were replaced by the sulphuret, 
of metallic bismuth. Fine crystalline specimens of the st 
bismuth, several ounces in weight, were sometimes met with 
valuable ore was sparsely and irregularly disseminated in thi 
gangue, which also enclosed irregular layers of impure gri 
masses of radiated black tourmaline, which were sometimes fou 
trate the bismuth ore. In sinking, the quartz veinstone wa 
replaced by an aggregate of pink crystalline calcspar enclo 
crystals of yellow mica, which were also met with in the adjac: 
. Iron pyrites in imperfect crystals and small masses was also 0 
the calcareous portion of the vein. Dr. Hunt, to whom I am ir 
these notices of the minerals of this curious vein, assayed the b 
for gold and silver, but found neither. After considerable w 
vein was abandoned in 1868. 


T have the honor to be, 
Sir, 
Your obedient servant, 
HENRY G. VENNOR 
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OF 


MR. ‘CHARLES ROBB, 


" ADDRESSED TO 


SIR WILLIAM E. LOGAN, F.R.8., F.G.8,, 


DIRECTOR OF THE GEOLOGICAL SURVEY. 


Montazat, 22nd April, 1869. 

SIR,—Having, in the month of May last, been honoured with your 
instructions to visit and make a geological examination of certain parts of 
the Province of New Brunswick, I immediately proceeded thither, and 
have devoted to that object the remainder of the season suitable for field 
work. 

The region mdicated by you as that to which you deemed it desirable 
to bestow attention in the first instance, is that lying towards the northern 
base of the great coal area of the Province, comprising, in addition to the 
Carboniferous rocks themselves, an extensive belt of metamorphic and 
granitic rocks, the age and conditions of which had not been previously 
ascertained. I also understood it to be your desire that I should inves- 
tigate incidentally, in the course of the season, the facts relating to the 
discovery or probable occurrence of economic minerals in the region 
referred to. 

Of that part of the Province above indicated by far the greater pro- 
portion is still in the state of an unbroken wilderness, the settlements being 
confined for the most part to the banks and immediate vicinity of the 
river St. John and its principal tributaries. In order, therefore, to obtain, piver st. John. 
im the readiest manner, a key to the geological structure, I deemed it 
advisable to commence with the examination of the banks of the St. John 
River itself, which affords a transverse section of the formations ; and of the. 
more accessible districts on either side. Accordingly, my explorations of 
last summer and autamn have extended over the greater part of the coun- 


taes of York and Carleton, and the south-eastern part of Victoria, in which 
N 
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discoveries of gold had been reported, and lands leased for gold-mining 
purposes. The area over which my observations have extended may be 
estimated at 5,000 square miles; but for various reasons, which I shall 
state, the work must be regarded rather as a preliminary reconnaissance 
than a complete and detailed survey. 

In the accompanying map, which I have compiled from the most authen- 
tic available sources on a scale of two miles to an inch, and on the appended 
sections, I have recorded many of the details of my observations ; and on 
the smaller map, reduced from the former toa scale of eight miles to an 
inch, I have indicated, by appropriate colouring, the general results.* In 
procuring the materials for the compilation of the maps, I have gratefully 
to acknowledge the courtesy and kindness of the gentlemen connected 
with the Crown Lands Department at Fredericton. 

At an early stage in the course of this investigation it became evident 
that, in so far at least as regards the great area underlaid by the meta- 
morphic and granitic rocks, the attempt to conduct a systematic and 
minutely detailed geological survey without a previous general reconnais- 
sance, would, for various reasons, be beset with difficulties and attended 
with disappointment and loss of time. 

1. Owing to the altered and contorted condition of these rocks the 
obscurity and difficulty incident to the investigation of all such regions is 
experienced here in full force. The lines of original stratification are 
either obliterated or so complicated with the superinduced planes of cleav- 
age, foliation and jointing as, in the absence or very rare occurrence of 
fossils, to render the stratigraphical relations of their component parts 
extremely embarrassing and difficult totrace. The remarkable uniformity 
in mineral character and conditions, as shown in the river sections, is also 
extremely perplexing when it is attempted to determine the order of suc- 
cession or thickness of the various members of the formation. This difficulty 
is further complicated, where differences in this respect do occur, by the 
gradual manner in which the rocks appear to blend with each other, and 
by the absence of well-defined and characteristic bands capable of being 
tra ced for great distances on the strike. 

2. Although the transverse sections afforded by the St. John and 
Southwest Miramichi Rivers (which run approximately parallel to each other 
at the distance of about forty miles apart) are good and easily accessible, 
they are too far apart to be co-ordinated for the purpose in view, and in 
the intervening region, which is still for the most part a trackless wilderness, 
the rock exposures are few and their position uncertain and difficult to find. 

8. In the absence of reliable topographical maps, and of landmarks of 
any kind in the interior of the country, the difficulty of bringing into posi- 


+ The smaller map is the one published with this Report. 
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. tion any geological observations would be extreme. Iam aware that in the 
' progress of your surveys in Canada, you have encountered and overcome 
_ similar difficulties, on a large scale ; but it appeared to me a matter for con- 


sideration how far, at the outset, I should be justified, under all the circum- 


' tances, in incurring the delay and expense of investigating minute local 


details, the connection of which would necessarily be so vague and 
ebscure. 

In consideration of all these circumstances, it has appeared to me that a 
comprehensive general view of the whole conditions of the case would bea 
necessary preliminary even to the institution of an intelligent and eeonomi- 
cal method of subsequent procedure, and would afford at the same time an 
opportunity of making special examinations of those localities, sometimes 
at great distances apart, where valuable minerals were reported to have 
been discovered. 

Accordingly, my observations will be found, on the whole, to be more 
desultory and indefinite, as materials for a systematic survey, than they 
would otherwise have been, or than I could wish. I have, however, on 
all occasions striven to make them as accurate as possible in regard to 
position, by reference to the Crown Lands Surveys, and to all available 
landmarks, nataral or artificial, such as prominent bends of rivers and 
streams, occurrence of islands, junctions of tributaries, mile-trees, roads, 
etc., and by bearings to all conspicuous elevations. In determining the 
line of junction of the Carboniferous and metamorphic rocks, I have follow 
ed, for the most part, the usual method of pacing, where points occur in the 


* vicinity whose position is known with any degree of accuracy. In illus- 
_ tration of the mineral character of the various districts, I have collected a 


set of rock specimens and fossils, which are also herewith submitted. 

The geological features of the region in question have been investigated 
to some extent and described in general terms by the late Drs. Gesner and 
Robb, and also by Dr. Dawson, Professor Bailey and Professor Hind, to 
whose labours I am indebted for much valuable assistance in the prosecu- 
tion of my own. | 

For the convenience of classification I shall, in anticipation of the results 


to be hereafter detailed, divide the record of my observations into six dis- 


tinct sections, corresponding with the geographical and geological lines upon 
the small map. 

I. The section of country lying towards the south-east part of the county 
of York, and overlaid by the nearly horizontal unaltered rocks of the Car- 
boniferous series. 

IT. The belt or band of metamorphic rocks immediately underlying the 


” former, up to the south-eastern boundary of the great granitic area. 


III. The so-called central granitic area. 


General divi- 
sions. 
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IV. The band of non-calcareous metamorphic slate and quarizite lying 
immediately to the north-west of the granitic area. 

V. The north-western part of the county of Carleton, occupied for the 
most part by altered calcareous clay slate; and 

VI. The Tobique valley and its tributaries, in the counties of Victoria. 
and Northumberland. 

N. B.—Throughout this Report the bearings are stated with reference 
to the astronomical meridian ; the variation of the compess at the time of 
my visit was 19° 20’ W. 


I. THB CARBONIFEROUS AREA. 


This formation, (in which for the present I include the lower red sand- 
stones and conglomerates usually regarded as Lower Carboniferous), in 80- 
far as hitherto examined by me, is comprised between the southern boun- 
dary of the county of York and the unconformable altered slates to the 
north-west. This, however, constitutes only a portion of the northern rim 
of the great Carboniferous area. The line of out-crop, or junction of the two- 
distinct series of rocks, which is rudely parallel to the strike or general 
direction of the older rocks, is delineated upon the map from my own 
observations and measurements at a great many points. 

The Carboniferous (or more properly, perhaps, Lower Carboniferous) 
rocks, in the northern part of New Brunswick, consist of a series of sedi-. 
mentary deposits, evidently composed of the debris of the more ancient 
metamorphic rocks ; and rest unconformably and almost horizontally upon 
the upturned edges of the latter, filling up pre-existing hollows and bays, 
and but slightly altered in mineral composition, except where invaded, at 
intervals towards the base, by rocks of igneous origm. Owing apparently 
to these irregularities in the surface of deposition, and to the prevalence of 
other disturbing influences, it is difficult to give any exact definition of 
the component parts ‘of this Lower Carboniferous series, their respective 
volumes, or even of the order of their succession. 

The lowest member, resting immediately upon the metamorphic slates, 
and apparently dipping, at and near the line of contact, in conformity with 
their previously denuded surface, is a coarse dark red conglomerate, com- 
posed of rounded and flat pebbles, generally, though not always, water-worn, 
and consisting of slate, quatts, trappean, and older conglomerate rocks of 
all sizes up to eight inches diameter. Such of the pebbles as are of a softer 
or more permeable nature are stained red and sometimes green, doubtless 
from the penetration of ferruginous matter. The whole mass is cemented 
by a calcarecus and arenaceous paste, sometimes, especially towards the 
base, with crystalline calcite. Wherever this red calcareous conglomeifate 
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wests immediately on the metamorphic slates, the latter seem to partake 

“of the same characteristics, becoming more or less tinged with red and 
green colours, and impregnated with calcareous matter, which appears 
both throughout the substance of the slates, and in veins and strings of calca- 
reous spar, frequently associated with quartz, intersecting them. The 
calcareous impregnation diminishes in intensity as we recede vertically or 
horizontally, as the case may be, from the junction of the two formations. 
Succeeding the red conglomerate, which generally becomes finer towards 
the summit, are red sandstones, also calcareous, but more sparingly so, Rendstones and 
with occasionally interposed thin and irregular layers of red shale, some- 
times so free from grit as to make a good pigment. Both sandstones 
and shales are sometimes highly micaceous, and the calcareous matter 
seems gradually to dimimish in quantity from the base upwards. No fos- 
sils have been observed in these red conglomerates, sandstones and shales, 
the aggregate thickness of which, from observations made at several 
points, I have reason to believe to be about 1000 feet. 

Then follows, but only at irregular intervals, a coarse, silicious conglom- Upper conglo- 
erate, composed entirely of rounded white quartz pebbles with a cement ” 
consisting of fine grains of sand and feldspar, and totally devoid of lime ; 
above which, in very considerable volume, repose coarse grey grits or 
sandstones and conglomerates, also devoid of lime, abounding with carbon- 
ized casts of calamites, cordaites and other obscure vegetable remains, and 
holding occasional thin seams of coal. These last mentioned rocks consti- 
tute, in that part of the region examined, the most prominent feature in 
the main Carboniferous area. Occasionally they are fine grained, and fit 
for grindstones ; sometimes flaggy, in tolerebly regular and thin layers, 
but generally very coarse grained and massive, extremely irregular in the 
size of the component particles, and partaking, even in the same beds, of the 
mixed character of sandstones and conglomerates. The paste is felds- 
pathic, and sometimes shows the result of decomposition in the presence of 
small portions of kaolin among the particles. 

Although the general colour of these rocks is grey, they are occasionally 
reddish, purple and yellow, and more rarely of a greenish hue, and some- 
times stained black with oxide of manganese ; these differences being 
apparently quite eapricious in their modes of occurrence, depending rather 
upon local circumstances than upon the stratigraphical position of the beds 
exhibiting them. At the few spots where thin seams of coal have been dig- Coal seams. 
covered, they are overlaid by a correspondingly thin band of drab coloured 
arenaceous and micaceous shale, showing scanty and imperfect impres- 
sions of ferns and other coal plants, and rest upon a similar stratum, 
abounding m nodules of iron pyrites, but destitute of organic remains, so far 
as 1 could discover. Iam not aware of any true stigmaria underclays or 
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other indications of productive and workable coal seams having been found 
in the region under notice. Near Thompson’s Mills, at the mouth of the 
Nashwasis, about three miles north of Fredericton, two large prostrate- 
trees have been found imbedded in the solid sandstone, one measuring fifty 
feet long and two feet diameter at the base ; of these I have obtained 
fragments, but the species has not yet been identified. 

The attitude of the various strata above enumerated, which appear on 
the whole to be conformable, is nearly horizontal. From local irregularities, 
however, in the apparent surfaces of bedding, it is exceedingly rare to- 
obtain an unequivocal observation of strike or dip by direct measurement, 
and from the want of continuity of the beds their precise attitude cannot 
be deduced from bearings and levels taken at moderately distant points. 
From a somewhat comprehensive series of observations, I believe I am 
justified in setting down the average dip, throughout the region explored 
by me, as E. 6°—10° 8. at an angle of 5°. This is at and near the mm 
of the area; as we proteéd towards the centre the strata become more and 
more nearly horizontal. 

The grey grits and conglomerates being composed of materials little 
liable to disintegrate by the influences of the weather, especially towards 
the outer rim, have resisted denudation, and are generally found standing 
out in bold bluffs or more shelving ridges of various elevations up to 900. 
feet above tide level ; while the softer and more readily decomposed red 
and calcareous rocks at their base occupy lower ground, and partially 
influence the course of some of the rivers ; their ruins producing, as might 
be expected, good arable land. The grey sandstones, on the other hand, 
produce by their disintegration rather poor and meagre soils; and the 
uplands overlying these rocks being either for the most part encumbered 
with loose blocks, or swampy from want of natural drainage, the progress 
of agriculture in such circumstances is necessarily slow. 

The trappean rocks to which I have referred as associated with this 
group, occur only in connection with its lower members. The areas of 
these eruptive rocks, of which I have noted seven distinct localities in the 
region explored by me, are generally of very limited extent, but locally 
they appear to have exercised a considerable influence upon the character 
and distribution of the rocks penetrated and overlaid by them. 


Having thus indicated the general features and conditions of the Carboni- 
ferous rocks in this region, I shall proceed to give a few details of the more 
notable localities in which they were observed. It has been long known 
that the great Carboniferoas area of New Brunswick has a triangular form, 
the base resting on the Gulf of St.Lawrence, and the apex situated a little 
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to the west of Oromocto Lake, near the boundary line between the counties 
of York and Charlotte. It is at this latter point that my observations 
commence, extending thence in a north-easterly direction to the county of 
Northumberland, at Boiestown on the Southwest Miramichi River. The 
river Magaguadavic skirts this line transversely just at the apex of the 
Carboniferous triangle, and seems to have excavated its channel in the 
soft calcareous and marly rocks at the base of the formation ; the country 
beyond, to the west and north, forming a very extensive elevated plain, 
underlaid by the metamorphic rocks. The succeeding members crop out 
in bold bluffs, nearly 250 feet above and two-thirds of a mile from the 
river; the apparent dip being N. 70° E. <15°. The section may be 
tabulated thus, in ascending order :— 


Feet. 
1. Red conglomerate and marl with impure hematite, to base of cliffs....... 60 Magaguadavic 
2. Red calcareous sandstone moderately fine-grained....... Sossonsorsusess AG 


3. Purple sandstone, cut vertically and transversely in one place by a two-feet 

dyke of trap running east and west, which has to a small extent hard- 

ened and altered the rock in its immediate vicinity cesse scccccccenes 30 
4. Reddish-grey coarse sandstone becoming conglomerate in irregular patches 

in the beds. The pebbles are of all sizes up to two inches diameter, 


chiefly of quartz and quartzite... ccccssccccersceccccneccsscvncces 30 

5. Yellowish coarse-grained sandstone with large quarts pebbles and obscure 
vegetable impressions... ccc ccseesccncesesscccceccsececesseenscens 50 

6, Grey and purple coarse sandstone, occasionally stained black with oxide of 
manganese, to top Of cliff... se canscccccsccncesevenceccsees 35 
Total... se... 250 


Oromocto Lake, which is situated two miles eastward from the brow of Oromocto Lake. 


the cliff, and is about sixteen square miles in superficial extent, is from 80 
to 100 feet below the level of the escarpment referred to, and 370 feet 
above the level of tide water, while the general level of the great plain to 
the west is 250 feet ; thus presenting the extraordinary phenomenon of a 
very considerable body of water supported at a height of 120 feet above 
the plain in the immediate vicinity, and yet draining through a very great 
area in the opposite direction. At Lister’s Mills, ten miles north from the 
escarpment, and on the north-east branch of the Magaguadavic, the rocks 
at the base of the Carboniferous series present an interesting development 
of their peculiar characters where affected by trappean intrusions. Mottled 
red and green highly calcareous shales and conglomerates, some of the 
layers holding nodules of pure calcspar, layers of chert and strings of fluor- 
spar, occur mixed with rocks apparently of eruptive origin, and with others 
bearing much resemblance to the older metamorphic rocks. 


The eruptive rocks which, to a limited extent, appear here, are situated Eruptive roeke. 


at the south-western extremity of a lenticular shaped area about nine miles 
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in length by a little over one mile broad in the middle, occupied by rocks 
of a similar nature, attaining their greatest development at Bald Mountain 
and other bold bluffs at and near the foot of Cranberry (or Bear) Lake. 
This mass is flanked to the south by 8 considerable breadth of the red cal- 
careous conglomerate and marl formerly described, forming the fertile 
tract of Harvey Settlement ; and on the north by an extensive flat but 
elevated table-land, underlaid by the metamorphie slates ; the water-shed 
between the streams flowing into the St. John River and Passamaquoddy 
Bay respectively. The eruptive mass appears to consist of a central and 
underlying part or nucleus of very hard and heavy dark red or purple 
compact quartziferous porphyry, holding a little calcareous spar, fluor-spar 
and traces of copper ore in cracks and crevices, overlaid and enveloped 
first by hard close-grained and homogenous yellowish-brown claystone, 
resembling overburnt pottery-ware, and then by a rock apparently identi- 
cal in composition and equally close-grained, but finely laminated in purple 
and pink streaks, as if deposited from solution in water ; the former being 
the more quartsoze, and the latter the more feldspathic portion. The 
laminæ run in the general direction of the length of the mass, and dip in 
opposite directions on either side of it, generally at an angle of 45°, but 
with many and violent contortions.* The conglomerate and marl of the 
lower member of the Carboniferous series appear to a very limited extent 
to the north of these rocks, but are chiefly developed in the opposite direc- 
tion. | 

À good section of all these rocks is afforded by the railway cutting at 
the foot of Cranberry Lake ; but as it intersects them longitudinally, or at a 
very oblique angle, it does not throw much light upon the structure, in so 
far as measurement is concerned. The following may be taken as an 
approximate estimate of the thickness of the various members of what are 
considered as belonging to the trappean mass, that of the sedimentary 
strata being here obscure ;— 


Feet. « 
1. Central mass of quartzose porphyry, (breadth)............s.s.seee 1800 
3. Olaystone, compact and close-grained, (thickness) .......s.s.esee 1250 


3. Laminated and contorted quartzose and feldspathic rock, (thickness). 600 


Within the limits of the trappean area described are four hills composed 
of these rocks ; the highest of these, called Bald Mountain, is about 880 feet 
above the plain, with a steep mural face to the west, near the base of which 
at one point I observed the claystone trap overlying a coarse conglomerate, 
either of an eruptive or highly altered character. The other elevations are 

* The central rock appears to bear a strong resemblance to an eruptive rock des - 


cribed and analyzed by Dr. Hunt under the name of orthophyre as occurring in the 
township of Grenville, Quebec. (See Geology of Canada, page 654). 
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about 220 feet in height, all very near each other, clustered around the 
foot of Cranbetry Lake, and about the centre of the eruptive area. 

A little coal is reported to have been found in the grey sandstone over- 
lying the red conglomerate in Harvey Settlement, and hopes have been 
entertained in the locality that this might lead to workable deposits ; but 
in 80 far as regards the character and condition of the rocks here, there is 
little to justify such an expectation, since they are situated quite near to 
the base of the Lower Carboniferous, and appear to be devoid of the char- 
acteristic underclays which accompany workable coal seams. 

About half-way between the St. Andrew’s and Fredericton road, and 
the sharp bend of the St. John River at the mouth of Long’s Creek, the 
junction of the metamorphic and Carboniferous rocks is well exposed near 
the house of Nicholas Barker ; where the former are seen dipping N. W. 
< 80°, and the latter, now free from the influence of intrusive rocks, 
about 8. E. < 20°, both being highly calcareous towards the junction. The 
pebbles of the red conglomerate here, especially towards the base, are for 
the most part angular, composed of slaty and trappean rocks, and of all sizes 
up to six inches. The breadth of the conglomerate band and its associated 
red rocks is here over half a mile, and the thickness, assuming the dip to 
be uniform, about 1000 feet. 

About five miles to the eastward of this point, where a section of the 
rocks is afforded at Kelley’s Creek, the red rocks do not exceed one 
hundred paces in breadth ; beyond which they no longer appear to come 
to the surface, nor have they been observed by me in the whole distance 
thence to the main river, upwards of nine miles. The silicious conglomer- 
ate and coarse grey sandstone are observed in this interval in immediate 
contact, dipping in opposite directions at high angles, and both devoid of 
calcareous matter. The Fredericton and St. Andrew’s road runs for this 
entire distance parallel to and a little south-east from the line of junetion 
of these formations, occupying an elevated though irregular ridge of the 
grey grita, at an average height of 400 feet above the main river, the tri- 
_ butary streams running in opposite directions on either side of this ridge. 
On approaching the River St. John the country underlaid by the meta- 
morphic rocks becomes more rugged and mountainous; and at and near 
Springhill, five miles from Fredericton on the Woodstock road, cliffs of these 
rocks rise to the height of from 800 to 500 feet, generally with steep mural 
faces to'the north and east. The junction of the metamorphic and Carboni- 
ferous rocks on the right bank of the river, although concealed by the 
superficial deposits, I have good reason to believe to be about four and a 
half miles above Fredericton, near to which point the attitude of the Car- 
boniferous rocks, where exposed, is ambiguous and perplexing; in one 
instance I observed the grey grits dipping apparently at an angle of 65° 
to the S.E. 


Springhill. 


King’s Clear, 


Ciarke’s Moun- 
tain, 
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In tracing the line of junction to the north-east we find evidence that 
on reaching the main river it coincides with its course, and runs under its 
bed for a distance of four and a-half miles ; that is, from the point above 
noted, to a little below the ferry at King’s Clear, where it again comes 
out on the right bank ; and enclosing a circular area of about two and a-half 
Square miles, crosses the river at Indian village to Keswick Bluffs, and 
thence skirts the right bank of the Keswick River for about five miles from 
its mouth. The line I have described forms, as will be seen by the map, a 
deep sinus or bay in the older rocks, which is occupied by elevated ridges of 
highly contorted and altered slate and quartzite. Near Springhill, at the 
mouth of Sutherland’s Creek, and at a few other points along this line 
where exposures occur, these rocks are observed to become red and cal- 
careous, probably from proximity to the red conglomerate and marl, which, 
however, do not actually appear in place on this side of the river until 
reaching the area at King’s Clear, formerly regarded as an outlier of the 
formation. Here the strata lying at the extreme base of the Carbonifer- 
ous series, are well exposed ; consisting chiefly of alternating thin beds of 
red conglomerate and marl, the latter occasionally holding nodules of lime- 
stone ; and the conglomerate,when in contact with the slate, being composed 
chiefly of angular fragments of that rock, which, in ascending, are gradually 
replaced by rounded and transported pebbles. 

On the opposite side of the river, which is here expanded to an average 
breadth of about one and a-half miles, and studded with large alluvial 
islands, the red conglomerates and sandstones are displayed in consider- 
able force from Clarke’s Mountain, opposite Springhill, to Keswick Ridge on 
the right side of the river of that name. Clarke’s Mountain is a dome- 
shaped trappean mass or knob rising in a bold and picturesque manner from 
the brink of the river to the height of 280 feet. The rock is a mass of 
very hard and heavy close-grained blackish-green basalt or dolerite, with 
perpendicular joints running east and west, about eighteen inches apart, 
and another set dipping S. E.<25°. At the river-bank it is seen reposing 
on nearly horizontal coarse red sandstone and conglomerate to the height 
of thirty-five or forty feet, and traceable about two miles up the river, 
where it attains a height of 350 feet; giving a total thickness of about 
1000 feet to the red rocks at this point, where the eruptive rock which 
caps them, with a steep face to the river for the whole distance from 
Clarke’s Mountain, appears to terminate in a wedge-shaped point, giving 
place to the grey sandstone and conglomerate. 

The mineral character of the eruptive rock, in its continuation westward 
from Clarke’s Mountain, is somewhat different from that found at the lat- 
ter place, as above described, being of a lighter colour and inferior density, 
with less regularity in the arrangement of joints ; vesicular and amygda- 





REPORT OF MR. CHARLES ROBB. 188 


loidal, the amygdules being composed of calcspar, green earth, and occa- 
sional zeolitic minerals. From the termination of the wedge-shaped erup- 
tive mass northward, the grey grits and conglomerates form the continua- 
tion of these high lands; rising to an elevation of from 400 to 500 feet, and 
skirting the left side of the valley of the Keswick in an amphitheatre of 
bold bluffs, for several miles upwards from the main river. 

Three miles due east from this intrusive mass another of similar dimen- 
sions and mineral character occurs. ‘This eminence, which flanks the 
Royal Road, on the south side of Nashwasis valley, and is called McLeod’s 
Mountain, attains a height of 540 feet, and is capped by the eruptive rock 
to a thickness, at the only point where I could obtain an observation, of 
170 feet, with a perpendicular face to the west. The rock is vesicular 
and uncrystalline, resembling not so much the basalt of Clarke’s Mountain 
as its supposed continuation to the north-west. Here, too, as at the latter 
locality, it rests immediately upon soft red and green bedded marls with a 
dip to the S. E. < 7°, overlying red conglomerate and shaly sandstone, and 
including angular fragments of the latter. Near Easty’s Bridge, where 
the Royal Road crosses the Nashwasis, the eruptive mass seems to ter- 
minate in a very narrow band, at the river, where it is at least 800 fect 
below its lower surface in the mountain itself. 

From the escarpment of the mountain the ground slopes to the south-east 
at alow angle, probably in conformity with the dip of the underlying grey 
grits, which flank the narrow coping of trap. Near the bridge the river 
divides into three branches, and on the north-east branch, about one and 
a quarter miles from the Forks, occur the Falls of Nashwasis. Here the 
brook, running in a picturesque gorge formed of nearly perpendicular 
cliffs of yellowish-grey sandstone, 100 feet apart, and about the same height, 
falls over coarse silicious conglomerate rocks, forming a cascade of forty 
feet high and fifty feet in width. Both the cliffs above, and the conglom- 
erate forming the bed of the stream at the fall are copiously charged 
with carbonized impressions of obscure vegetable fossils, such as leaves and 
stems, the latter sometimes of considerable thickness, the bark being 
converted into coal, and the core replaced by sandstone; nodules of iron 
pyrites are also very abundant. Although such traces of carbonaceous 
matter abound, there seems to be nothing to justify the expectation, which 
has been entertained by some of the neighboring residents, that a workable 
seam of coal may be found here. Rumours were current also, when I 
visited the locality, of veins of manganese and even of more valuable ores 
having been found on McLeod’s Mountain, together with great deposits of 
fine red ochre in the vicinity, but as they were not met with by me, I am 
unable to give any details. Just below the fall there is a considerable 
development of a pure white silicious conglomerate, composed entirely 
of large quartz pebbles, and without a trace of organic remains. 
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From the mouth of the Keswick, north-eastward as far as Tay settle- 
ment, a distance of fifteen miles, the hardness of the out-cropping edges 
of the grey grits and conglomerates, combined with the unequal effects of 
superficial denudations, produces a very marked topographical feature, form- 
ing a succession of nearly parallel ridges running north-east and south-west 
as far as the valley of the Nashwauk, and all of very considerable eleva- 
tion up to 900 feet above tide-water. Most of the rock exposures observed 
by me im this district have been recorded on the large map, and need not 
be here repeated. In this interval the red rocks are nowhere conspicu- 
ously displayed, owing to the relief of the surface, the nearly horizontal 
attitude of the strata, and the soft nature of these rocks themselves. In 
the valley of the River Tay, however, they re-appear in considerable 
breadth, as might be expected from the fact of its cutting the formation 
transversely. At Boone’s Mills, about eighteen miles from Frederic- 
ton, on the north branch of the Tay, and near the road between Car- 
digan and Tay settlements, fossiliferous and highly ferruginous grey 
grits occur in alternating massive and shaly beds, dipping 8. E. <7°, with 
specular iron and impressions of large and small obscure fossil vegetable 
remains. À little farther north, at the bridge over the south branch, thin 
bedded micaceous red sandstones appear, dipping 8.E. apparently <17° ; 
this is at the junctionof the red and grey rocks. Proceeding one and 
e-half miles northward on the road, we find at the bridge over the North 
Tay, the contorted and nearly perpendicular slate and quartzite of the 
unconformable metamorphic rocks, seamed with quartz veins, and slightly 
calcareous, but only so in streaks and blotches. On descending the 
stream (but ascending in stratigraphical order) the slates become gradu- 
ally more calcareous, arenaceous and micaceous, and assume a red colour, 
till at a little over half a mile below the bridge, they are covered by the 
unaltered beds of red marl and conglomerate, dipping S E. < T°. 

As the section afforded in the bed and banks of the Tay is tolerably © 
complete and distinct, cutting nearly transversely to the direction of the 
Carboniferous rocks, extending for a distance of about ten miles from their 
base, and including two small seams of coal, I present the following tabu- 
lated details of it, in ascending order, commencing at the point indicated in 
the preceding paragraph :— 


Feet, 
1. Coarse red calcareous conglomerate and marl......ccsccsesscccereccen 115 
2. Red and green highly micaceous marl.... ..+ Coe cwceeenececes ou... 45 
3. Calcareous red conglomerate with finer pebbleg.........0sssossesouse 90 
4. Red sandstone. ..,..... sonne ee soso see sessusesensesee 45 


5. Measures concealed, but probably still underlaid by the red conglomerate 
marl and sandstone which appear at the commencement of the section 700 
6. Highly indurated red sandstone.......seesssssesossese Ocrnecrecensees 90 
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7. Coarse grey grits in a cliff forty feet above river..........., 0.0 70 
8. Alternating thin bands of red, grey and greenish sandstone, the grey rock 
highly micaceous.......,..., ce cccccccnaccccssesccccvons eoveces 130 
9. Siliciows conglomerate. ... cccesscrccccceccccctcccseeccccccsccescce 43 
10. Grey flaggy grits, dipping appereatiy À S.E. at an angle of 30°, bat this may 
te duo to false bedding.....ccccccvcccccsscnccccccsnccccscvesecs . 17 
11. Flaggy grey grits alternating with more massive beds..............., 550 
12. Red and green calcareous crumbly shales......0s.scceccscececs _... . 20 
13. Massive grey sandstone. ....cccccrcccccccccccccvccessccsscvcresore 50 
14. Flaggy grey grits overlaid by a coal seam five inches thick, but concealed Coal seam. 
under the bed of the river.... ..ccccccccccervcccnescccccccecsecs 80 
15. Green hard shaly rock containing impressions of calamites and ferns 
overlying the coal.... ....cccccccncccdcvcccncccacsenessceseceeces 10 
16. Grey grits thin and thick bedded, irregularly interstratified, and with 
obscure vegetable fossils..... nn sonores see Cecccaccecesccnns 2000 


N.B.—This thiekness is given on the presumption that in the four and a half 
miles intervening between the coal at C. Urqubart’s on Tay Creek, and 
that at Alexander McLean’s on the Nashwauk, there is no break, undu- 
lation nor change of dip, of the existence of which there is no evidence. 


_ 17. Coal seam of four inches overlaid by green shale, with vegetable impres- Coal seam. 
sion and grey sandstone to unknown thickness..,.,.........us..ss see — 
Total... .ecccecccescccccves 4005 


At both of the above mentioned localities where coal has been found, the 
seams themselves are concealed, the former by a considerable depth of 
water in the creek, and the latter by à crumbling bank. Thus neither the 
quality nor conditions of occurrence of these coal seams have been accu- 
rately established ; but there appears no reason to believe them to be of 
any economic importance, as no true underclays have been found in this 
section of country, and even the continuity of the coal beyond the spots 


where it has been found has not been ascertained. The following is a list Fossil plants. 


of the plant impressions found by me in the shales forming the roof of the 
beds; they seemed to be for the most part common to both localities. I 
am indebted to Dr. Dawson, of McGill College, for their identification : 

Calamites cistit, Neuropteris flecuosa, N. Loshü, N. tenuifoha, (or an 
allied species,) N. gigantea, Pecopteris arborescens, Annularia spheno- 
phylloides, Alethopteris grandis. At a few other localities in the valley 
of the Nashwauk traces of coal have been found, but apparently even less 
important than those mcluded im the section. 

Between Tay settlement and Stanley, on the Nashwauk, on the land of 
Robert Thorburn, an interestmg exposure of the junction of the red calca- 
reous conglomerate and underlying metamorphic slate rock, in vertical sec- 
tion, is afforded in a small ravine or gorge. The slate rock at and for some 
distance below the plane of contact is also calcareous, and seamed with 
strings of quartz and calcspar; in the same neighbourhood this rock was 
many years ago unsuccessfully burnt in a kiln for lime. 

A similar conjunction to the last-is well observed, though in horizontal 
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exposures, in descending the River N ashwauk, where, about a mile below 
Stanley Bridge, the slates, reddened and rendered highly calcareous 
towards the contact, are overlapped by the red conglomerate, sandstone 
and marl, which continue uninterruptedly in descending, for a distance of 
one and three-quarter miles, equivalent to a thickness of about 1000 feet ; 
and terminate near the mouth of Cross Creek, there giving place to light- 
grey sandstone and conglomerate in massive beds. At Red Rock settle- 
ment and also at the month of Cross Creek, eruptive masses of trap 
protrude through the red conglomerate near the summit. At Nashwauk 
Bridge, on the Miramichi road, thin-bedded flaggy grey grits are seen on 
the bed and bank of the river, dipping S. E. < 5°; and the same rocks are 
occasionally displayed at intervals along the Portage road to Boiestown. 
About ten miles from Boiestown the road skirts a considerable extent of 
red conglomerate, terminated towards the east by an eruptive mass of 
basalt similar to that at Clarke’s Mountain, but more vesicular. It forms 
the height of land on the Portage, and is about three-quarters of a mile 
wide, terminating at Clear-water Brook, a tributary of the Taxis River ; 
the other dimensions and precise form of the mass have not been fully 
ascertained. 

From Boiestown eastward for three or four miles, the right bank of the 
Southwest Miramichi River is flanked by an amphitheatre of the coarse 
grey sandstones rising to the height of 200 feet above the river, and dip- 
ping S. E. <5° ; the line of this escarpment is considerably to the south of 
that of the bluffs at Keswick, Cardigan, etc. Near the mouth of the Taxis 
River, which flows into the Miramichi a little above Boiestown, a small seam 
of coal about three inches in thickness was reported. Four miles up the 
Miramichi from the mouth of the Taxis, the horizontal grey fossiliferous 
sandstones overlie red conglomerates and marls, dipping <67° to the south- 
east. This high dip, of which some of the beds of the grey grits also seem 
to partake, may be due to a fault ; in corroboration of which hypothesis the 
underlying metamorphic slate is unusually full of veins of quartz and calc- 
spar, as if much fractured ; but on the other hand it is to be noted that with 
the observed horizontal breadth of the red rocks (400 yards) the thickness 
would closely approximate to that usually obtained for the red rocks, (1000 
feet). The grey sandstones near this locality yield very fair though 
rather fine-grained grindstones ; and some of the red marls might be found 
suitable for a pigment. 


II. SLATE BAND SOUTH OF THE MAIN GRANITIC AREA. 


The second district into which, for convenience of description, I have 
divided the region explored by me, is that lying between the northern 
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boundary of the Carboniferous area and the 80-called central granitic band ; 
extending in length from Magaguadavic Lake to the Southwest Miramichi, 
and in breadth varying from nine and a-half miles on the St. John River 
to seventeen on the Miramichi ; these measurements being taken in straight 
fines at right angles to the strike. The rocks of this district consist of 
argillaceous and micaceous clay slates, with interposed bands of hard fine- 
grained, crystalline, quartzose, micaceous and feldspathic rocks resembling 
sandstone. These rocks, which doubtless consists of altered sediments, are 
generally of alight bluish-grey colour, but sometimes greenish and brown 
from the presence of iron in various states of oxydation. They are fre- 
quently traversed by small lenticular veins and strings of quarts, generally 
interlaminated, but often cutting the rocks in all directions. Occasionally 
they are more or less calcareous, and chiefly so at and near their junction 
with the newer rocks. 

These schistose and compact rocks, which alternate in irregular bands of 
various but generally no great thickness, seem to be only varieties of the 
same or a similar mineral aggregate, but of different structure. At one 
point, as I shall presently explain, I have found fossils apparently belong- 
ing to these rocks ; but, as the stratigraphical relations of these fossils are 
atill very obscure, it is extremely difficult to discover the geological age, 
original conditions of stratification, thickness, or the succession of the com- 
ponent parts of the present series. I have observed in the same band of 
quartzite, (by which, for want of a better name, I shall in the meantime 
designate the compact bands) no less than four distinct planes of cleavage, joints and 
or more strictly cleavage, lamination and jointing, along each of which the ‘l%#. 
rock seems almost equally liable to split. Throughout the whole extent of 
these rocks they exhibit a series of sharp plications and occasional violent 
eontortions, which greatly increase the difficulty of unraveling their struc- 
ture. It is, however, probable that the planes of division between the 
compact and schistose bands are to be regarded as marking the original 
lines of stratification. From numerous observations, many of which are 
recorded on the larger map, the prevailing dip, when not affected by local 
contortions, is N. W. < 60°—80° ; this seems in accordance also with the 
general structure of the country viewed comprehensively, and with the 
direction of the fossiliferous band at the only locality where I have observed 
it. Where the plications of the strata are go numerous aud so sharp, the 
dip so steep and almost uniformly in one direction (indicating overturns) 
the bands of different characters so numerous, so thin, and so much alike, 
and the exposures so few and interrupted, it would be impossible, in the 
present state of our knowledge, to construct an accurate section, or to give 
even an approximate estimate of the thickness of the formation. 

On the right side of the River St. John, the section of the country now 
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under consideration is for the most part an elevated and uncleared marshy 
flat, with no natural exposures of rock except on the ridge running from 
the Magaguadavic settlement to the antimony mines, and on the banks 
and in the immediate vicinity of the mam river, where numerous minor 
ridges and valleys occur, running in the direction of the strike. Beyond 
what has been already stated in treating of the junction of the Carbonifer- 
ous series, and the preceding general remarks upon the metamorphic 
rocks, there is nothing specially worthy of note on this aide of the main 
river, with the exception of the antimony mines m Prince William parish, 
and the carboniferous outlier in the same parish and in that of Dumfries. 
Of the former I propose to give some account under the head of the economic 
minerals of this part of the province ; and shall only remark here that 
the rocks of the locality are of the same general character as I have 
already described, except that they are unusually full of quartz veins, 
some of which contain also calcareous spar, and that they are talcose in 
their aspect. 

The outlying patch of supposed Carboniferous rocks, situated about 
twenty-four miles from Fredericton, on the river road to Woodstock, and 
near to the antimony mines, is of a rudely elliptical form, the major 
axis bemg parallel to the river ; it is of considerable extent, covering about 
fourteen and a-half square miles, being five and three-quarter miles 
long by three and a-quarter wide. It is chiefly situated on the right bank 
of the river, but a small portion extends to the opposite side. It seems 
to occupy a shallow trough or depression excavated in the older rocks, 
partly in the granitic and partly in the slate belt ; the rocks of the outlier 
covering the junction of those underlyings. The newer rocks are nearly 
uniform in character and composition throughout, and consist of coarse grey 
grits and conglomerates combined in the same beds, and abounding in 
casts of calamites and carbonized impressions of various obecure vegetable 
forms. These rocks are apparently identical with those already described. 
as occupying a very large area in the great Carboniferous field above 
the unfossiliferous red rocks ; no traces of which are to be found in this 
outlier, which rises on the right bank to an average height of 420 feet 
above the river, shelving with a tolerably uniform slope towards its banks. 

Although no distinction can be drawn between the sandstone and con- 
gicmerate here, in regard to stratigraphical order, the rocks show stratifi- 
cation, and apparently dip at a low angle, on the whole, from the exterior 
to the centre of the area. It is probable that the mass is of no great 
thickness ; for at a point near its centre,and at no great distance from 
that of its highest elevation above the river, a fall on a branch of Joce- 
lyne’s Creek, which has cut thirty or forty feet from the present surface 
into the sandstone rocks, exposes at ita base what appears to be a point of 
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the metamorphic slate protruding into the overlying sandstones. Where 
these repose immediately on the granite they are found, as in the case 
observed by yourself near Bathurst, to consist chiefly of the debris of the 
granite in the form of a highly micaceous sandstone, or “ as if from the 
stratification and solidification of a layer of disintegrated granite.” (See 
Geology of Canada, page 452.) A little coal is reported to have been 
dug up in making a superficial excavation in this outlier; but such a fact, 
when taken in conjunction with what is known of the general structure, is 
not sufficient to warrant the expectation of any workable deposit being 
found here. The extent of the outlier on the left bank of the river is 
extremely limited, not exceeding 200 acres. 

At Keswick Bluff opposite the Indian village in King’s Clear, the pecu- Keswick bluff. 
liar features of the slate formation are well exposed in a bold and steep 
clif rising to the height of over 800 feet, close jo the bank of the river, and 
extending nearly two miles in length. Here the alternations of schistose 
and compact structure in narrow bands, the varieties of cleavage and 
jointing, and the contortions and plications of the rocks may be 
well studied. At the base of the cliff a small patch of the calcareous red 
conglomerate appears, being doubtless eonnected with the area already 
described as having been met with on the opposite side of the river and at 
the mouth of the Keswick. 

At Scotch settlement, near the junction of the granite, the quartzite . 
becomes harder, the crystals of feldspar larger, and the whole more ferru- 
ginous than is usually observed, and some bands abound with large cubes of 
iron pyrites. Such characteristics appear to be frequently prevalent in 
the immediate vicinity of the granite ; and here, as in many similar cases, I 
observed that next to the ferruginous bands, and still farther removed from 
the granite, the slates became more or less calcareous. 

From Keswick Ridge and Scotch settlement northward as far as the 
River Nashwauk the country was not explored, and from its generally low nashwauk. 
and flat character, and being still-for the most part a wilderness, appears 
unlikely to afford anything instructive. The rock exposures on the Nash- 
wauk are not numerous, and present no features different from what I have 
already described, except that at a point about five miles above Stanley, 
where the slate and quartzite are much contorted, they are talcoid, ferru- 
ginous and elightly carbonaceous, penetrated in all directions by small 
strings of quartz, and by others of a peculiar white earthy mineral probably 
a kind of kaolin. 

In ascending Rocky Brook, a large tributary of the Nashwauk, which 
joins the main river nine and a half miles above Stanley, the exposures— 
as the name imports—become more frequent ; their general character and 
prevailing apparent attitude, remaining unchanged. At the Stairs, about 
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two miles from its mouth, the brook falls in a succession of cascades of no 
great height in a rocky gorge overhung by lofty perpendicular cliffs. Im- 
mediately above this point a small tributary joins the main brook, flowing 
in a south-westerly direction, and about three-quarters of a mile up this 
creek, occur the only fossil forms which, so far as I know, have hitherto 
been found in these rocks. 

The discovery of fossils at this locality, which is situated in the depths of 
a pathless forest; seldom visited except by the lumberer; was accidental. 
The fact of their existence was first brought to light by Mr. Edward Jack, 
Civil Engineer and Land Surveyor,by whom they were observed in the course 
of his professional avocations, but who seemed to have been under the im- 
pression that they were only drift fossils. Mr. Jack, however, in the autumn 
of 1867, communicated the fact in a short note to the Natural History 
Society of St. John. Very shortly after my arrival in the Province, hearing of 
the matter from Dr. Leith Adams of the 22nd Regiment, then stationed at 
Fredericton, who had visited the place, and suspected that the fossils might 
belong to the underlying rock, I visited the spot in company with him, and 
succeeded not only in obtaining numerous specimens of the loose and 
extremely friable forms which had been previously observed, but in tracing 
them to their parent bed in the solid rock. 

The fossiliferous layer, which so far as I could discover, does not exceed 
two inches in thickness, standing nearly vertical, and in conformity with the 
general attitude of the strata, 1s a hard close-grained argillo-micaceous 
and slightly calcareous rock, evidently an‘ indurated shale, scarcely 
distinguishable, on unweathered surfaces, from the ordinary slate 
and quartzite of the country, but in the joints and laminæ shewing the 
presence of much iron by a thick brown rusty coating. The entire rock, 
through long exposure, becomes a brown pulverulent mass, and it is to this 
weathering alone that we are indebted for the exhibition of the fossil forms, 
many of which are in a sufficiently good state of preservation for identifica- 
tion, and are tolerably free from distortién. Although it is only under such 
conditions that the forms are visible, the entire mass of the band is probably 
filled with them. 

The following is a list of the species which have been recognized and 
determined by Mr. Billings :— Chonetes Canadensis, Leptocælia flabellites, 
Renssellaria ovoides, Strophomena perplana, Streptorhyncus (undetermin- 
ed species). This assemblage of fossils is characteristic of that part of the 
Gaspé limestones which constitute a passage between the Upper Silurian 
and Devonian series. (See Geology of Canada, pages 393 and 988). 

As the discovery of these fossils is an isolated fact, unsupported by simi- 
lar evidence in other parts of the region now under notice, and as the 
relations of the rocks enclosing them to the rest of the formation have not yet 
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been fully determined, it would be premature to assign to the whole the 
same geological age as that established for the fossiliferous stratum above 
described. It seems highly probable, however, that this discovery may 
lead to some modification of the views hitherto entertained by geologists 
with regard to the age of this schistose belt, which occupies a very large 
area in the Province. 

On the same brook, 150 yards above the fossiliferous band, although pro- 
bably closely adjoining it in stratigraphical order, an exposure of highly 
carbonaceous black slates appears in the bed and banks ; but as this expo- 
sure was very limited I could not discover their precise relation to the other 
strata adjacent. The black slates are soft and fissile, with glossy surfaces, 
staining the hands when touched, shewing various planes of cleavage, and 
traversed in all directions by thin strings of a peculiar white earthy mineral 
resembling a sort of clay or kaolin, apparently the same as that mentioned on 
a previous occasion as occurring about five miles above Stanley on the 
Nashwauk River. 

On the Southwest Miramichi the line which I have marked as the bound- 
ary between the granite and the slate, is only applicable in 80 far as regards | 
the area underlaid by the main band of the former rock. Several smaller 
patches of granite and gneiss were observed within the breadth assigned to 
the latter; but as these were only seen in the bed and precipitous banks 
of the river, I am not prepared to state to what extent they pervade the 
rugged and mountainous country on either side. 

I have already, in treating of the Carboniferous rocks of the Miramichi, 

indicated the point, at (Campbell settlement,) at which they overlap the 
slate and quartzite, and have referred to the manner in which the latter 
rocks are apparently affected at the contact of the former. In ascending 
the river, the slate and quartzite occupy an uninterrupted breadth of six 
and a-half miles, nearly across the strike, presenting no features different 
from those already noted in the general description of these rocks, except 
that the prevailing dip seems to*be S. E. ata high angle. Above this 
point the course of the river becomes exceedingly tortuous, running for 
the most part in a deep gorge, and the changes of rock are frequent, 
although, in most instances, not sharply defined ; thus rendering any attempt 
at exact measurement difficult and unsatisfactory. I shall therefore, on 
the present occasion, merely indicate in a concise manner the nature, local- 
ities and approximate thicknesses of the various descriptions of rock met 
with. The point of departure from which the distances are estimated is 
the junction of the two great divisions of the rock formations at Campbell 
settlement; the distances themselves, and the thicknesses of the various 
bands being measured in a straight line across the strike of the rocks. 

At the point above indicated, near Lower Birch Island, (six and a-half 
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iles from Campbell,) there occurs what I take to be a dyke, ten or twelve 
set wide, composed at the surface of a soft brown-weathering, argillaceous 
»ck with much iron and manganese, apparently cutting the rocks, and 
ith a course a little E. of N., succeeded by a band of red and green slate 
bout 1000 feet in aggregate thickness, also much stained with oxide of 
vanganese, and apparently dipping S. E. <75°. At the mouth of Trout 
‘rook, (seven miles) a very hard green, highly feldspathic quartzite, which 
ppears to have the same dip as that above noted. Atseven and ahalf 
iles, 8 band of very hard close-grained cherty rock resembling Lydian 
‘one, four feet wide, holding much iron pyrites and imbedded in light green 
licaceous and ferruginous slate. At Falls Brook, (seven and three quar- 
or miles,) there isa band of highly ferruginous soft, black, but rusty-brown 
eathering slate, the attitude of which is vertical, and the breadth about 
50 yards. The fall is about a quarter of a mile from the main river, 
1e brook running on the strike of the rocks, which, apparently by the 
ifluences of the weather and the eroding action of the stream, have been 
xcavated into a triangular gorge about 300 yards wide at the main river, 
ith almost perpendicular sides 300 feet high, converging to a point at 
1e fall, which has at least 130 feet of uninterrupted descent, presenting 
singularly wild and picturesque scene. 

The next tributary, falling in, as nearly all do, on the left bank, is 
vocky Brook, nine miles from Campbell, between which and Falls Brook 
ccur black and greenish banded or ribboned very hard slate and quart- 
ite, dip S. E. <60° ; then alternating bands of hard purple quartzite and 
ellowish feldspathic sandstone, resembling a fine-grained imperfectly 
ormed, granite. These bands, of which there are at least two of each des- 
ription of rock, are from 50 to 100 yards in width respectively, and dip 
8. E. <75°, The quartzite bands are much seamed with quartz veins 
unning north and south, corresponding with the direction of the more con- 
picuous joints of the granite throughout ; and immediately above these 
lternating bands appears a considerableemass of granite, extending from 
ne-third of a mile below Rocky Brook upward for one and three-quarter 
iles, succeeded by a breadth of about 400 yards of banded black and 
reen quartzite, resembling that previously noticed. 

Then follows an equal amount of ordinary quartzite, still with S. E. 
ip, underlaid by a breadth of 100 yards of highly ferruginous decompos- 
1g quartz rock, in some places resembling an alteréd conglomerate, form- 
ig à very high steep crumbling bank; giving place, about eleven miles 
‘om Campbell, to true granite, extending uninterruptedly to Snake Brook, 

distance of three and a-half miles, with the exception of one interposed 
and, not over 800 yards wide, of highly ferruginous quartzite. Between 
make Brook and Burnt Hill Brook, a distance of one and three-quarter 
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miles, the banks are occupied by quartzite dipping N. W. <80°, and gradu- 
ally, on approaching Burnt Hill, appearing to pass into a variety of gneiss, 
dip N. W. <60°. The rocks near the mouth of Burnt Hill Brook are cut 
by numerous transverse veins of quarts, holding much iron pyrites and 
occasionally a little molybdenite. The direction of the veins, as in the 
case formerly cited, coincides with that of the more prominent joints of the 
granite, a large apparently isolated mass of which occurs about half a 
mile up Burnt Hill Brook. Immediately at the mouth of the brook, how- 
ever, à band of very hard close-grained variegated or ribbanded silicious slate 
is interposed, and probably lies directly in contact with the granite, which 
scarcely makes its appearance on the main river, and seems to thin out 
to a point a little above the mouth of the brook. The aspect and attitude 
of the rocks here would seem to indicate that the granite lies in  synclinal, 
for immediately above the point last referred to, the gneiss re-appears, 
with S. E. dip <60°, and sometimes enclosing in its beds masses of 
granite, as if detached from the main body and incorporated with the 
gneiss, which gives place again, in ascending, to fine-grained hard com- 
pact quartzite. 

This description of rock continues, and with the same attitude, to Little 
Burnt Hill, one mile higher, where the dip seems again to change to N. 
W.,-and green micaceous schists, with quarts veins holding pyrites, are 
intercalated. The quartzite continues in bands of varying hardness and 
colour, and passes near the mouth of McLean Brook, sixteen miles from 
Campbell, into a very hard black slate rock, standing vertically, and con- 
tinuing, with no perceptible change except that it becomes of a deep bluish 
tint, as far as Slate Island, where patches containing considerable calca- 
reous matter, iron pyrites, and traces of copper pyrites were observed. 
Above Slate Island for one mile no change was noted except the absence 
of lime in the slate ; then a band of gneiss 400 yards in width, succeeded 
by feldspathic slates of about an equal amount, and again, at or near the 
northern boundary of the New Brunswick Land Company’s tract, by 
heavy bedded black micaceous gneiss. A very short distance above this 
point, near McDonald’s Brook ; seventeen and three-quarter miles from 
Campbell measured in a straight line across the strike ; is the line which 
I have drawn on the maps, as the division between the main granitic area 
and the slate and quartzite band. 


III. THE CENTRAL GRANITIC AREA. 


The distinction noted in the close of the last section, and implied by the 
title given to the present, may appear to have been drawn somewhat arbi- 
trarily ; for the so-called slate and quartzite band includes, as we have 
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seen, three very considerable, besides some smaller, bands of granite ; 
although the prevailing rock of the section is undoubtedly of the nature 
designated by the terms used. The region beyond, and on the north-west 
side of the line referred to, appears to be occupied, for the most part, if not 
entirely, by granitic rocks. 

In attempting to define or map the rocks of this region much perplexity 
18 occasioned by the gradual manner in which many of the various feldspa- 
thic rocks seem to merge into each other. Not only does this remark 
apply to the granite and gneiss, which are sometimes blended in sucha 
manner as to defy all attempts at exact definition ; but even the foliated semi- 
crystalline, slate and quartzite frequently appear to partake of the same 
characteristics. In exploring the rocks of this region no evidence was met 
with of the injection or upheaval of the granite among the stratified rocks, 
or of the derivation of the latter from the former. I suspect, however, 
that, on the whole, the granite will be found generally to occupy a lower 
position stratigraphically than the other rocks. 

The granite presents great varieties in colour, texture, and in the pro- 
portion of its component minerals. In general the mica is rather sparingly 
diffused, and sometimes altogether wanting, and the feldspar crystals 
frequently attain a great size, up to an inch and a-half in thickness. Occa- 
sionally irregular fragments of gneiss of all shapes and sizes are found 
imbedded or rather incorporated in the granite, and vice versa ; but no 
appearances of granite veins cutting the laminated rocks are noted. The 
direction of the granite band, whether taken as a whole or locally when seen 
in contact with other rocks, coincides with the general strike of the country. 
It is, however, extremely rare to find such junctions exposed, as the 
granite, probably from being more readily disintegrated, has suffered 
more from superficial denudation and atmospheric influences, and conse- 
quently underlies low flat land, except when flanked and protected by 
more resisting rocks. Within the limits assigned to the main granitic 
band other rocks sometimes occur, as will’presently be seen. 

The breadth of this band on the South-west Miramichi, in a direct line, 
is ten and a-half miles, extending from the point already noted to about 
half a mile above the forks of the north and north-west branches. 
Throughout the whole of this distance the country is an extensive, level, 
heavily wooded flat, affording no rock exposures, except occasionally at 
great intervals in the bed and banks of the river. Although other rocks 
may, and probably do, underlie this district, they are entirely concealed, 
and the exposures are uniformly of granite, although not always of the 
same character. At one place, a little below Lewey’s Falls, nineteen 
miles from Campbell, a fine-grained yellowish feldspathic sandstone, 
resembling that described as occurring near Rocky Brook, is seen for a 
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considerable breadth, succeeded by a thin band in which a multitude of 
angular fragments of gneiss appear to be enclosed in granite, then by 
gneiss, and last of all, at the falls, by true granite in massive beds, 
extending probably to the forks, twenty-six and a-half miles above Camp- 
bell in a direct line across the strike, through forty-six miles in following 
the tortuous course of the river, which, throughout the whole distance, is 
wide, deep and rapid, and much obstructed by huge granite boulders. The 
average fall I should estimate to be at least eight feet in a mile. 

The region lying towards the head waters of the Nashwauk and Bec- 
caguimic has not been traversed by me, and I am indebted to Mr. Edward 
Jack for such facts regarding it as I have recorded on the larger map, 
and which I believe may be relied on as authentic. 

At Hayneville and Springfield, which are included within the granitic 
belt, and where there are several ridges and hills composed partly of this 
rock, a considerable extent of country is nevertheless underlaid by very 
hard close-grained ferruginous feldspathic quartzite, resembling petrosilex, 
and sometimes traversed by great veins of quartz, holding much silvery 
mica. There is also found in this vicinity, and near the most northerly 
part of Hayneville settlement, a band of carbonaceous slate resembling 
that near Rocky Brook on the Nashwauk, its attitude being apparently 
conformable to that of the adjacent feldspathic and ferruginous rocks ; 
but its true relations, as in the case of the Rocky Brook band, have not 
yet been accurately ascertained. 

On the river St. John the granite band extends from the upper end of 
Great Bear Island, twenty-four miles above Fredericton by the river 
banks, toa little below Sullivan’s Creek, a breadth of fifteen and a-half 
miles measured in a straight line across the strike. Throughout this 
breadth the granite is of a very varied character, as before noted with 
respect to that on the Miramichi. Included bands of gneiss and gneissoid 
quartzite are irregularly distributed, the Meductic Rapids owing their 
origin apparently to the varying hardness of the rocks ; the carbonaceous 
slates appear to be nowhere represented in this section, unless it be at a 
point a mile and a half below the Nackawicac River, where an extremely 
hard jaspery rock, resembling Lydian stone, abuts upon the main river. 
On the right side of the river the granitic region has only been explored 
by me along the bank, and towards the junction of the supposed Carboni- 
ferous outlier; the limits, however, as provisionally laid down on the 
maps, are given on good authority. 


IV. NON-CALOAREOUS SLATE BAND NORTH-WEST OF THE GRANITE. 


This division comprises the rocks underlying parts of the counties of 
York and Carleton, extending on the St. John River from Sullivan’s 
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Creek to a point a little above Woodstock, or a breadth of sixteen miles; 
and on the Miramichi seven miles, measured in a straight line across the 
strike ; from the forks of the north and north-west branches. These rocks 
present few characters to distinguish them from the band already described 
as lying on the other side of the granitic belt, and, in the absence of 
evidence to the contrary, may be assigned to the same geological age. It 
will therefore be unnecessary, on the present occasion, to enter into any 
detailed description, and I shall proceed to notice a few of the most pro- 
minent points of distinction which have come under my observation. 

On the St. John River, immediately above Sullivan’s Creek, extending 
about five hundred yards upwards, and apparently in contact with or close 
proximity to the granite, occurs a band of highly ferruginous finely lami- 
nated mica-schist, traversed longitudinally by large quartz veins, and dipping 
N. W.< 30°-50°. This is succeeded by ordinary clay slate and quartzite, 
which continues, with many sharp convolutions and folds, but preserving 
the prevailing north-westerly dip at high angles, to Patchell’s Ferry, four 
and a-half miles from Woodstock. Here the rocks begin to assume a 
more crystalline aspect, and all around Woodstock afford evidences of an 
abnormal and disturbed condition. Bands of crystalline roeks, resembling 
granite, syenite, diorite, (occasionally with trappean rocks) and sometimes 
holding epidote, iron and copper pyrites, galena and other minerals, are 
intercalated in the manner of conformable or imbedded masses. Some of 
these I have represented upon the map, but they are too numerous and 
too varied in character, and have not been studied sufficiently in detail to 
admit of an exact description. 

I observed isolated patches, generally of no great extent, of an altered 
slate conglomerate composed of rounded and angular fragments of the sur- 
rounding rocks, cemented by a feldspathic paste into a hard rock; these 
are probably lenticular masses occupying depressions in the older rocks. 
About half-way between Upper and Lower Woodstock, on the right bank 
of the river, an interesting exposure of green quartzose and epidotic rock, 
jointed so as to present some appearance of columnar structure, occurs ; 


- near the Iron Works the same kind of rock, but devoid of the peculiar 


structure referred to, occupies a considerable breadth ; and near Lower 
Woodstock a narrow band of red and green fine-grained and very regularly 
laminated slate, not over thirty feet in thickness, was observed running 
conformably with the general strike, but dipping S. E.< 40°. The whole 
district is exceedingly interesting to the geologist, and especially so in con- 
nection with the deposits of iron and copper ore in the vicinity ; but would 
require, in order fully to elucidate its structure, a more careful and detailed 
examination than I had it in my power to give. 

In this section, a remarkable exception to the general character and 
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distribution of the rocks, as above described, occurs in the form of an 

extensive outlier of supposed Lower Carboniferous strata, occupying an Carboniferous 
area of probably not less than sixty or seventy square miles, chiefly in the 

parishes of Brighton and Peel, in Carleton county. This outlier has not 
previously, been specially described, so far as I am aware. 

On the left bank of the St. John River, opposite Campbell Island, two 
miles below the mouth of the Beccaguimic, a band of conglomerate, 560 
yards broad, abuts upon the river. It is here of the character described as 
belonging to the silicious conglomerate band of the main Carboniferous 
area ; or rather partaking of a combination of this with the underlying red 
calcareous conglomerate of the same series, with which, on tracing it to 
some distance inland, it becomes completely assimilated. The north- 
western outcrop of this outlier, as delineated upon the maps, has been traced 
by me, at intervals, for a distance of twelve miles ; and a partial traverse 
has been made near the centre to a distance of one and a-half mile ; where 
at S. B. Orser’s mill, on the north branch of the Beccaguimic, coarse red 
sandstone and conglomerate appear to dip N. W.< 27°. For the further 
information which has enabled me to trace approximately on the maps the 
boundaries of the outlier, I am indebted to Mr. Edward Jack, who, in the 
course of his surveys for timber locations, traversed this region in the fall 
of last year, and at my request, noted any remarkable geological facts which 
came under his observation. His remarks in reference to this outher, 
which were not communicated to me until after my return to this city, are 
necessarily somewhat general, although sufficiently explicit to justify me in 
assigning to it provisionally, the limits laid down on the map ; and I consider 
it unnecessary to give them in detail, as you will probably deem this inter- 
esting field worthy of further special research. 

On the right bank of the St. John River, a little below the band of sili- 
cious conglomerate already referred to, a somewhat similar deposit, but 
entirely resembling the red calcareous conglomerate and sandstone of the 
Carboniferous series, is displayed to the extent of 1,200 yards in breadth. 
Where evidence of stratification occurs in this deposit, it appears to dip to 
the north-west in the same direction as the metamorphic slates by which it 
is enclosed on both sides, although at a lower angle. The same band is 
traceable for seven miles on the strike, extending to the rear of the Wood- 
stock Iron Works, where it thins out to a point, and terminates about 100 
yards south of the Jacksontown Road. This is probably connected with the 
conglomerate and sandstone area in Brighton, as already described, but 
here is either brought into position by a dislocation, or occupies a narrow and 
shallow wedge-shaped cavity in the olderrocks. The only distinction I 
can observe between its condition and that of the lower red calcareous con- 
glomerate of the main Carboniferous area ; consists in the fact that here the 
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rock appears to be affected by numerous small faults or slips, which, in 
maintaining their straight course, have cut through pebbles and matrix 
alike. 


V. CALCAREOUS CLAY SLATES IN CARLETON AND VICTORIA COUNTIES. 


The narrow strip or belt of red conglomerate just described, together 
with the north-western boundary of the outlier in Brighton, constitute, with 
their continuation on the strike on either hand, the limit of the non-calca- 
reous slates; beyond which to the north-west, without any perceptible 
change of attitude or general conditions, commences a set of calcareous 
slates and quartzites, extending on the St. John River, to and far beyond 
the Province line. These rocks, which present a remarkable uniformity 
in character for very great distances, precisely resemble those which have 
been described by yourself as occurring and attaining a great development 
on Temiscouata Lake and the river Madawaska, and for a great distance 
down the St. John River, and are in all probability the continuation of the 
same series, which you have determined to be Upper Silurian. The gene- 
ral description of these rocks given in the Report of Progress for 1849-50, 
page 60, is so concise and graphic, and at the same time, in its main 
features, so precisely applicable to those now under notice that I may be 
excused for quoting it here. 

‘ The next five miles across the measures are occupied on the west side 
of the lake by calcareo-argillaceous slates, occasionally interstratified with 
non-calcareous bands, and some of the beds are more arenaceous than 
others. The colours are dark bluish-grey, light-grey and black; the divisions 
of the original bedding are obliterated,and in fresh ‘fracture it is only by 
the colours, the differences of which are often very obscure, that the strati- 
fication can be made out; but the action of the weather and water on the 
ice-rounded or moutonnée forms which come upon the lake, distinctly 
shews the bedding by the unequal wear of the more or less calcareous 
layers, the one standing out in beads, and the other re-entering in grooves. 
The beds are almost universally thin, and the surfaces give a pictorial dis- 
play of a vast variety of the most complicated contortions, sometimes in 
folds leaning over each other to the north-west, and sometimes in involved 
arrangements which it is quite impossible to disentangle or understand 
without a larger exposure than usually appears. Combined with the contor- 
tions there are often disruptions or dislocations which, however, shew no 
veins of interposed foreign material ; the torn and twisted mass having been 
apparently compressed together and become cemented in such a way that, 
except for the colours or unequal wear, it would never be suspected that it 
had been disturbed at all. In some parts, however, these contorted rocks 
are cut up by a multitude of small veins of caleareous spar.” 
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T have to add to the above description that the bands of non-calcareous 
quartzite in the region explored by me, although in general conformable, 
appear sometimes to cut the rocks transversely to their strike; they 
vary from eight to thirty feet in thickness, and are usually traversed by 
small strings of calespar. Where they abut upon the river banks the 
exposures are usually more extensive, than at other points, as if, from their 
superior hardness, they had more effectually resisted atmospheric influences 
and the erosive action of the river. There also occur in this region a few 
apparently isolated patches of limited extent, of more or less pure limestone, 
probably lenticular in form, sometimes of a slaty structure, and sometimes 
massive. In two instances which came under my observation, where the 
rock seemed to have undergone little alteration, I discovered a few obscure 
fossil forms which, however, were scarcely visible except on weathered 
surfaces ; but which have been recognized by Mr. Billings as Upper 
Silurian. 

Intercalated with the calcareous slates of this region are some remark- 
able bands of highly ferruginous red and green slates, sometimes traceable 
for great distances on the strike. The first and most important set of 
these bands is that in which are situated the deposits of iron ore which 
have been mined at Jacksontown, near Woodstock ; and which, in their 
continuation to the north-east, display at their out-crop near the Becca- 
guimic, twelve miles from Jacksontown, very considerable quantities of a 
similar ore, being an impure slaty hematite. In the Beccaguimic district 
there are three parallel bands of red and green slates about half a mile 
apart ; one of these only, that nearest the river, appears to contain work- 
able deposits of ore. Towards the south-west the Jacksontown band is 
traceable to the boundary line, and far into che State of Maine ; where I 
observed it, near the boundary line, it was charged with iron pyrites. 
Another band of the red and green argillites is traceable from Flanigan’s 
Hill, in Simonds, to East Glassville, a distance of nearly eight miles, 
and has yielded in some places good specimens of hematite and specular 
iron ; it is five and three-quarter miles distant across the strike from the 
former. It would seem reasonable to expect that these bands would serve 
to mark the structural arrangement; but as their attitude in every 
instance where they were observed is vertical, and their association with 
other bands obscure from want of exposures, I have been unable as yet 
to make them available for this purpose. 

A remarkable band of diorite was observed in crossing the road pass- 
ing through East Glassville, about two and a-half miles south of Miller’s 
Corners. It appears to run in conformity with the slate rocks, and is 
150 yards wide where it crosses the road ; in its continuation to the north- 
east on the strike, it appears to run into a ridge of considerable elevation 
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at three miles distant in Garforth Mountain, which is about 
1. The succession of rocks observed in the vicinity of the 
in traversing it from north to south is as follows : 1. Calcar- 
ing the prevailing rock of the country. 2. Black slate, 
and. 8. Diorite band, 150 yards wide, coarsely crystalline, 
ag dark-green colour, with many seams and joints filled with 
var, especially towards its junction with ;— 4. Slaty limestone 
¢ thick. 5. Highly ferruginous decomposing calcareous 
\nother band of diorite of a laminated or gneissoid aspect 
: than the former. 7. Calcareous slate, as at the commence- 
section ; the whole of which is comprised within a breadth not 
10 yards, the attitude of all the rocks being vertical. 

zion underlaid by the calcareous slates, the soil is, as might be 
perior for agricultural purposes, to that in which the rocks 
ie prevail. 


VI. TOBIQUE VALLEY AND TRIBUTARIES. 


rse of my explorations of last season, I undertook an excursion 
*Tobique and one of its most important branches, the Serpen- 
with the view of making an examination of the great Lower 
8 outlier there, and partly to visit certain lands which had been 
Government on the latter stream for gold mining purposes. 

jue is a large tributary of the St. John, falling into the main 
3 fifty miles above Woodstock, from the north-east, its general 
coinciding with the strike of the rocks of the country. It has 
a the high lands constituting the water-shed between the St. 
® Gulf of St. Lawrence ; one of its main branches, called the 
1e, or Left-hand Branch, with a general south-easterly course, 
@ short portage with the Nepisiguit flowing, into the Bay of 
hile the other or Right-hand Branch, falling into the main 
same point, but from the opposite direction, through a very 
mountainous country, is, in its turn, composed of two branches, 
land Serpentine rivers. These streams form a junction at 
of ten miles from the main forks, from which point the To. 
‘through a rich and fertile valley in a south-westerly direction 
St. John River, a distance of sixty-two miles, following the 
the stream. On the Serpentine, which had not previously, 
am aware, been visited by any one with the special view of 
its geological features, the land leased for mining purposes 
about three miles from its junction with the Campbell River, 
some twenty miles higher, the stream for the greater part of 
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the distance cutting across the strike of the rocks; but, owing to the 
extreme difficulty of exploring this region, I was compelled to content 
myself with penetrating about seven miles from the commencement of the 
leased lands, or twenty miles from the main forks of the Tobique. 

The main Tobique, for about two miles from its junction with the St. John, 
flows with great rapidity through a deep, rocky gorge, its course nearly 
coinciding with that of the slates, which dip N. 70° W. <60°; they are 
here highly calcareous, and enclose many seams and bunches of pure calc- 
spar. Half a mile higher a narrow band of red and green slate occurs, 
associated with a tolerably pure compact or massive limestone, containing 
fossils, apparently in considerable profusion, although only visible on weath- Silurian fossils. 
ered surfaces. Among them, according to Mr. Billings, are Favosites 
Gothlandica, Atrypa reticularis, and Strophomena perplana, belonging 
to the Upper Silurian series. Above this the river assumes a course 
nearly at right angles to the strike, cutting sparingly calcareous but highly 
ferruginous and contorted brown-weathering slate and quartzite, which 
must underlie those formerly referred to as prevailing at the mouth of the 
river. Small straggling strings of galena were observed at one place filling 
cracks in the rock, but are of no economic importance, except as indicating 
the metalliferous character of these rocks. At three and a-half miles from 
the mouth, measured in a straight line on the strike, the soil assumes 8 red 
tint from the proximity of the red conglomerate of the outlier ; a small patch 
of which is visible in the bank here, but is again succeeded by the older 
rocks, till reaching Red Rapids, four and a-half miles up, where this for- 
mation ; apparently identical in character with that mentioned in other 
parts of this report as the lowest rock in the Carboniferous series ; Carboniferous 
appears in force in the bed and banks of the river, dipping due E. <4°, 
extending over half a mile further up stream, and forming a steep, rocky 
channel. 

Above this point the rock exposures are few, and for a distance of nine 
and a-half miles indicate no change, except in the prevalence of finer red 
calcareo-arenaceous sediments in ascending. Then, about half a mile 
below the Wapskehegan, appear red, grey, and green marls, interstratified 
with blue limestone, all in thin alternating bands, still dipping slightly 
8. E., and extending to the mouth of that tributary ; a little above which 
the limestone re-appears in more massive beds, some being thirty inches Maris end ime 
thick, interstratified, as before, with red shales or marls, also of greater 
volume. This is a distance, in a straight line, of fourteen and a-half miles 
from the mouth of the river, and here the outlier attains its greatest 
breadth, of about nine miles, of which by far the greatest proportion lies 
on the south-east side of the river. The general character of the limestone 
of the Tobique outlier is fine-grained, with conchoidal fracture, mottled red 


Gypeum. 


Anmygdaloids. 


202 GEOLOGICAL SURVEY OF CANADA. 


or pink and green, but sometimes bluish-grey ; frequently seamed with 
calcareous spar, and containing, according to Professor Hind’s analysis, 
82.6 per cent. of carbonate of lime. 

Superimposed upon the limestone and marl beds here, are heavy beds of 
gypsum, which first appear at the mouth of the Wapskehegan, but in much 
greater development at Plaster Cliff, a mile and a-quarter higher ; where, 
for a distance of 80 or 100 yards, they rise perpendicularly from the left. 
bank to a height of 120 feet. The great body of the rock is an impure, 
massive but earthy and exfoliating red and greenish gypsum, containing a 
varying proportion of carbonate of lime and silicious matter; but it is- 
seamed with layers of pure white gypsum and of fibrous selenite, contain- 
ing, according to the analysis of the late Dr. Robb, 77.7 per cent. of 
sulphate, and 8.0 per cent. of carbonate of lime. Nodules of nearly pure 
carbonate of lime are occasionally met with, imbedded in the red gypsum. 
The whole appears to dip S. E. at a very low angle, and to be of limited 
extent, where it abuts upon the river; but Iam informed, on competent. 
authority, that the plaster beds are traceable at least four miles up the 
Wapskehegan, alternating with the other rocks of the series. Two small 
brooks were observed flowing into the river near the junction of the gypsum. 
and marl beds, the waters of which were decidedly saline and brackish ; 
this character being, doubtless, derived from salt springs, which however, 
were not met with. 

Above Plaster Cliff, for a distance of eight miles, the strata, which are- 
now horizontal, consist, as before, of grey and red sandstone and conglo- 
merate, blue, red and green limestone, and marl; thereafter, at the pomt 
indicated, near Phillips’s Brook, promontories and low knobs of dark brown 
amygdaloidal trap appear at intervals among the red rocks on the left 
bank, becoming more numerous and extensive in ascending the river. 
The red rocks, however, continue to occupy exclusively the bed and right. 
bank of the river, and occasionally also appear on the left bank, but now 
with westerly dip, until a point thirty-one and a-half miles from the mouth 
is reached, where the outlier may be said to terminate ; although for the. 
last three miles of this distance, or from Blue Mountain upwards, only 
slight traces of its existence can be detected in the red colour of the rocks. 
in the bed of the river, where they are at rare intervals seen in place. 
Thus the total length of the outlier, measured in a straight line, may be 
stated at twenty-seven miles ; it is of a rudely elliptical form, and its total 
area is not less than 190 square miles. It is bounded on all sides by fer- 
ruginous and generally non-calcareous contorted slates and quartzite, its- 
outlines forming a very marked topographical feature, being defined in 
every direction by lofty ridges of the older rocks. A comparison of the 
rocks of the outlier, both in respect to their mineral character and apparent. 
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order of sequence, leaves little room to doubt that they belong to the same 
series which I have described as lying at the base of the main Carboniferous 
area of the Province. . 

Blue Mountain, rising with a steep slope immediately from the bank of Blue Mountain. 
the Tobique, fifty-one miles from its mouth, as measured along the wind- 
ings of the river, attains a height of 1,641 feet above the sea, and displays 
the red rocks towardsits base. It was not ascended by me, but from its con- 
tour and surrounding conditions, seems to be composed mainly of eruptive Eraptive rocks. 
rocks, of which a great variety, probably detached from its sides, are 
strewn in boulders and pebbles in the bed of the brook which bears its 
name. The same description of rocks, offering many varieties of colour 
and texture, occupy the left bank of the Tobique for over three miles above 
the last mentioned brook, and have apparently altered the red sandstone 
and conglomerate of the outlier into a hard jasperyrock. At Riley Brook, 
thirty-four and a-half miles in a straight line from the St. John, light 
green very soft non-calcareous clay slates are displayed, but only to a 
limited extent, succeeded by the same hard highly feldspathic brown- 
weathering contorted alate and quartzite already go frequently referred to, 
extending to, and for an unknown distance beyond, the main forks of the 
Tobique, and within three miles of those of the Campbell and Serpentine 
rivers. This character, in fact, seems to be generally prevalent here over 
a very large tract of country, and does not appear to differ in any impor- 
tant particular from that which I have described in reference to Sections 
II and IV, into which I have divided the region explored by me. 

Some of the highest mountains in the Province are situated in the remote 
region and among the rocks now under review. I ascended one of these, 
called Bald Mountain, which I found to be 2,060 feet above the sea, or Bald Mountain. 
1,535 feet above the Tobique at its nearest point. It stands alone, in the 
midst of a comparatively level country, the distance being five miles from the 
Tobique and about the same from the Right-hand Branch. The mountain, 
from base to summit, is nearly conical, its aides sloping at an angle of 85° 
to the horizon. The rock, wherever exposed, consists of a very hard fer- 
ruginous feldspathic quartzite in massive beds, weathering to a brownish- 
white or cream colour, dipping N. W. <65°; no change either in the 
nature or attitude of the rocks was observed from base to summit. 

Soft ferraginous slate and quartzite, some of the bands of which are highly 
calcareous and contain impressions resembling fucoids, are seen a little 
above the main forks of the Tobique, with north-westerly dip <60°; above 
which, in ascending the Right-hand Branch, and for a distance of four 
and shalf miles, measured in a straight line across the strike, heavy- 
bedded greenish yellowish-white and brown-weathering quartzites, some- 
times very slightly calcareous and pyritiferous, occupy both banks of the 
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river, rising in abrupt cliffs to a uniform height of 600 or 700 feet, resem- 
bling an artificial embankment. About five miles from the main forks of 
the Tobique, and the same distance from those of the Campbell and Ser- 
pentine rivers, the lamination, and probably also the dip of the rocks 
changes to 8. E. ; and a band of excessively hard and tough silicious rock, 
resembling petrosilex, and exhibiting a tendency to columnar structure, 
crosses the river, forming a fall of moderate height. This is precisely on 
the line of strike from Bald Mountain, about five miles to the south-west. 

About three miles highèr up the branch a high ridge, running also in 
the direction of the strike, abuts against the river, with apparently a simi- 
lar nucleus of hard rock, which, however, in this case, resembles some of 
the red trappean rocks described as occurring near Bald Mountain in York 
County, at the base of the Carboniferous series. This ridge deflects the 
course of the river sharply to the north-east, about the forks of the Camp- 
bell and Serpentine. At a point called Salmon Hole, where the red 
trappean rock first makes ita appearance on the bank of the river, a narrow 
band of soft green argillaceous slates, with glossy surfaces, occurs, seamed 
with numerous small lenticular veins of quartz, carrying iron pyrites and a 
little galena, and said also to yield some silver. The breadth of the hard 
red rock, which, however, seems to include some narrow bands of slate, 
does not exceed half a mile; it is followed, at the forks of the Serpentine 
and Campbell, by light green quartzite devoid of metalliferous indications, 
dipping N. W. This continues, with interruptions from two narrow belts 
of the red and dark green glossy rock, for three miles up the Serpentine, 
where the mining leases commence, at a point where traces of copper pyrites 
are said to have been seen in dark grey contorted slates seamed with quartz 
veins, and resembling those on the St. John River, a little below Wood- 
stock. Two miles higher a band of yellowish-red trap, or other hard rock, 
again deflects the course of the river sharply to the north-east ; and a mile 
beyond this point, or six miles from the forks, a band of highly pyritous 
slate appears, followed by light grey micaceous schist, with much interla- 
minated quartz, or rather a mixture of quartz and slate, in which gold was 
said to have been found. The breadth of this band is uncertain, though 
probably not great; it is succeeded by a compact quartzose and feldspa- 
thic rock resembling petrosilex, showing no traces of metallic minerals, but 
sometimes of a feebly laminated structure, resembling gneiss ; and which 
gives place, at a distance of eight and a-half miles from the forks, to a 
band of granite not exceeding 600 yards in width, over which considera- 
able fall in the river occurs; and above this the same alternations of gneiss 
and quartzite which were observed below the granite band, but without 
the talcoid and pyritiferous slates. This was the limit of my observations 
in this region. 
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To this branch of the subject I have alluded incidentally in deseribing 
the rocks at the various localities where minerals capable of such applica- 
tions exist, or are supposed to exist. From a very early period in the 
history of this Province, much has been said and written regarding its 
mineral wealth, both in coal and the metals ; and capital has been to some 
extent employed in the development of its mineral resources, although 
it is to be regretted that hitherto the success which has attended such 
ventures has not been very marked. # My own observations have not been 
made with any very special reference to this subject, but, in so far as 
they have been directed to it, I confess that I have been somewhat disap- 
pointed, both as regards the probabilities and actual results. Mere 
indications of valuable ores or minerals are insufficient to constitute a mining 
region; and the failure of operations undertaken on inadequate grounds 
acts as a check upon others which may have a legitimate basis, and tends 
to retard rather than promote the mining interests of the Province. 

With reference to the small portion of the Carboniferous area examined 
by me ; I have already given my views as to the futility of any expectation 
of the occurrence of workable coal seams in these rocks ,which are alto- 
gether below the productive coal measures. The sandstones are in general 
too coarse-grained and too ferruginous to make a good building material, 
although some of the beds of purple sandstone appear well adapted for such 
purposes. In some places I found them tolerably well suited for grind- 
stones, flags and tiles. The red marls towards the base of the series may 
be available as a pigment, where free from silicious matter ; and excellent 
brick clays, some of which seem also to possess the qualities of fuller’s 
earth, abound. 

In the metamorphic rocks of this region the firet mineral of economic 
importance which claims attention, is antimony. The antimony mines of 
Prince William have been worked at intervals and to a small extent for six 
or seven years at three adjoining locations situated twenty-four miles from 
Fredericton and three miles from the Woodstock road. The rock of the 

country is talcoid slate and quartzite, coinciding in strike and dip with 
that generally prevalent throughout the section. The mines are in the 
immediate vicinity of the supposed Carboniferous outlier of Prince William, 
and within two miles east of the junction of the slate and granite. The 
veins, which have been partially developed by mining, have the character 
of true or fissure veins cutting the rocks, and thus may be expected to 
prove persistent in depth. Two of them have a course nearly parallel, and 
at the distance of about one hundred feet apart, underlying due N.< 45°— 
52°; while the third has a bearing exactly at right angles to these, 
P 
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and underlies to the E.< 438°. In the former cases the matrix is alate 
and quartz, without any admixture of calcareous spar, while in the latter a 
considerable amount of this mineral is found in the vein. The ore is. 
stibnite or sulphuret of antimony, occurring both in pure solid masses, 
and more or less mixed with the gangue. The thickness of the veins, 
which is nearly the same at the different locations, varies in the same shaft 
from four to twenty inches. In so far as hitherto developed, the best ore 
and the thickest part of the veins have occurred within fifty feet of the 
surface. On the vein first worked the shaft has been sunk ninety 
feet, and ten tons of ore sent to market. At the second the shaft is two 
hundred feet deep, and drifts have been carried to the aggregate length of 
four hundred feet ; ore to the amount of one hundred tons was obtained, 
of which thirty tons have been sold. At the third, which was in operation 
at the time of my visit, the shaft is sunk two hundred and eight feet, and 
seventy or eighty tons of ore had been obtained, some of which was said. 
to contain a considerable proportion of silver. I must add that two speci- 
mens taken by me, for assay by Dr. Hunt, have shewn no traces of silver, 
although this may be no conclusive proof that it does net exist in some 
part of the vein. 

In the account which I have given of the section of rocks exposed on the 
South-west Miramichi, I have mentioned the occurrence, near the mouth 
of Burnt Hill Brook, of sulphuret of molybdenum in thin quartz veins in 
gneiss. Some of the veins at the surface are charged with the mineral in 
thin foliated hexagonal plates. This mineral has found some important 
applications in the arts, chiefly for the production of a dyeing material 
and as a re-agent in the laboratory. It is somewhat rare, and the 
price was quoted in the Paris Industrial Exhibition of 1855 at $3.45 per 
lb., (see Geology of Canada, p. 155). Itis doubtful, however, if any of 
the veins visible at the surface at the locality named, which is remote and 
not easily accessible, will yield a sufficient quantity of the mineral to repay 
the cost of mining and sending to market. 

About three miles below the town of Woodstock, on the right bank of 
the St. John, veins of yellow sulphuret of copper, associated sometimes 
with much iron pyrites, occur at several points in the vicinity of an appa- 
rently stratified mass of rock resembling diorite, but holding a small 
proportion of quartz. These veins have attracted attention from a very 
early date in the history of the Province, and have formed the object of 
mining enterprise on a considerable scale, but were abandoned several 
years ago as unprofitable. The veins opened, though tolerably promising 
at and near the surface, were not found to maintain that character in 
sinking. In the rock cutting on the railway, about a mile below Wood- 
stock, is a bed of light green or grey highly altered epidotic slate, con- 
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formable with the stratification, and resembling that near the Iron Works, 
in contact with which is a band of chloritic slate charged with iron pyrites 
and galena, and near to this a conglomerate similar to those formerly 
described as seen at the mouth of the Meduxnakeag. I found among the 
shingle on the bank of the river St. John, seven miles below Woodstock, 
a large boulder of rich copper pyrites in a matrix of slate conglomerate. 
Although, so far as yet known, the copper ore in the vicinity of Woodstock 
does not occur in true veins, masses of the character described, when of 
sufficient magnitude and richness, have been profitably worked in other 
parts of the world, and such may yet be brought to light here. 

The iron ore of Jacksontown, three and a-half miles north-west from iron ore. 
Woodstock, has attracted much attention from an early period, having 
been first noticed by Dr. Jackson in his Report on the Geology of Maine, 
1837, and has been treated at various times in the smelting furnaces 
at Upper Woodstock, about the same distance from the mines. The oreis 
an impure slaty hematite, containing on an average 46 per cent. of the 
peroxide of iron, equivalent to 82 per cent. of metallic iron ; it also contains 
a variable proportion of oxide of manganese, to which the iron probably 
owes some of its peculiar qualities. It occurs irregularly imbedded in red 
and green clay slates, and it is thus impossible to assign any specific or 
definite thickness or length to the deposits ; enough, however, is known to 
justify the assertion that the ore may be found in very great abundance. 
That hitherto obtained, which has been extracted altogether by the method 
of open cuttings, and smelted at the Woodstock Iron Works, amounts to 
about 40,000 tons; many of the bunches of ore have been worked out at 
a depth of from twelve to twenty feet from the surface ; some, however, seem 
to be connected with beds or courses, probably of greater regularity and 
continuity and of richer quality. In one of these (Carnie’s mine), where 
much quartz was associated with the bed, and some of the ore was of the 
specular variety, I found small portions of purple copper ore. 

The pig-iron produced from the Jacksontown ore is remarkable for its 
great hardness and strength, and when mixed in certain proportions with 
other kinds, has been found very advantageous for railway car-wheels. 
When converted into wrought iron, it is said, on the authority of Mr. Fair- 
bairn of Manchester, to be specially suited for the plating of iron-clad war . 
vessels and similar purposes, where a combination of great hardness and 
tenacity are requisite ; it 18 also said to be admirably adapted for the manu- 
facture of steel. The fuel used for smelting the ore at the furnaces, which wooastock 
were not, however, in operation at the time of my visit, is wood charcoal ; 
of which 126 bushels, together with about 32 tons of ore, were con- 
sumed to make one ton of pig iron. The cost of the fuel and the somewhat 
low produce of the ore have hitherto retarded the vigorous prosecution of 
an undertaking which otherwise seems to possess the elements of success. 
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Similar ores occur, apparently in the same band of rocks, and in great 
abundance, near the River Beccaguimic, and also, although probably not so 
abundantly, in a parallel band running from Flanigan’s Hill on the St. John, 
toward East Glassville settlement. If found economically available in 
other respects at either of these places, they will possess an advantage in 
the proximity of forests, from which a supply of fuel could be derived. 

The deposits of limestone and gypsum on the Tobique, already described, 
are practically inexhaustible and easily accessible ; and although their colour, 
and the admixture of foreign constituents might render them unsuitable for 
building and decorative purposes, they are well adapted for use in agricul- 
ture. These deposits are in the supposed Lower Carboniferous rocks. At 
several points also in the calcareous slate band between Woodstock and the 
Tobique, as at Pole Hill, Windsor and Glassville settlements, the bank of 
the St. John River in Peel parish, and two and a-half miles up the Tobique, 
bands or more or less extensive lenticular masses of limestone, sometimes 
fossiliferous, occur, which may advantageously be burnt in kilns, and 
employed for general purposes. As a flux for the smelting of iron ore, 
that from Pole Hill has been quarried and conveyed to the Woodstock 
furnaces ; but I understand that the deposit on the St. John River in Peel, 
about four miles above the Beccaguimic, which has latterly been employed, 
is preferred, as it is said to contain less magnesia than the former. 

The geological conditions in the north-western part of New Brunswick, 
being by many supposed to be analogous to those of auriferous countries 
generally, and more particularly of Eastern Canada and Nova Scotia, it 
is not surprising to find that, from an early period, hopes and expectations 
should have been entertained that it might prove a gold-bearing region, 
and these have been from time to time confirmed by reported actual dis- 
coveries of the precious metal. 

Within the past two years, and since the Canadian and Nova Scotian 
gold mines have begun to attract increased attention, attempts have been 
made on a small scale, both by alluvial washings and by explorations in the 
supposed gold-bearing rocks, to realize these hopes. The results in both 
cases, 80 far as I have had the means of judging, are moderately encourag- 
ing ; but it would require the expenditure of a larger amount of capital 
than has hitherto been applied in order to establish the profitably aurifer- 
ous character of the region. In the few places where sluicing has been 
tried, and that only on a rude and tentative scale, the conditions appear to 
have been unfavourable, owing either to the absence of the older drift clays, 
which are supposed to be more especially gold-bearing, or to their being too 
far below the drainage level to be accessible without special and expensive 


.appliances for pumping, etc. 


With regard to gold in the rocks, although rumours are current on 
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respectable authority to the effect that pebbles and boulders enclosing a 
little of the metal have been picked up in various localities, I am not aware 
of any well authenticated instance of gold being found in a vein. On the Ser- 


pentine and Campbell rivers, and on the Wapskehegan, tributaries of the 


Toibque, where the rocks are supposed to be more especially favourable to 
the existence of gold, and where chiefly the auriferous pebbles are reported 
to have been found, mining leases have been taken up, but very little work 
done. I made a cursory examination of part of the lands leased for gold 
mining on the Serpentine; and although the rocks, as I have described 
them in another place, seemed to be of a favourable nature and condition, 
specimens of quartz which I took from what were considered the best spots 
here, as well as from several other places which I deemed worthy of trial, 
have yielded to careful assays by Dr. T. Sterry Hunt, neither gold nor 
silver. 

The conditions both of the rocks and veins here appear to me to resemble 
those in the Chaudiére district in Quebec, where the quartz veins are 
lenticular, interrupted, and only in exceptional cases yield gold; rather 
than those in the gold districts of Nova Scotia, where they are more regu- 
lar and persistent, and very generally auriferous to a greater or less extent. 
The fact that no gold has been found in the specimens taken by me, by no 
means militates against the possibility of its being found in other specimens 
and at other localities in the region. 


I have the honour to be, 
Your most obedient servant, 


CHARLES ROBB. 


REPORT 


T. STERRY HUNT, LL.D., F.R.S., 


CHEMIST. AND MINERALOGIST, 


ADDRESSED TO 


SIR WILLIAM E. LOGAN, F.R.8., F.G.8., 


DIRECTOR OF THE GEOLOGICAL SURVEY OF CANADA. 


MontreEAL, November 1, 1869. 


SIR,—The subjects embraced in the Report which I have now the honor 
to submit to you, have already been mentioned in your summary Report 
to the Government, dated May 1, 1869, and are still farther indicated in 
the table of contents prefixed to the present volume. They include: 

I. Investigations into the geology and chemistry of the salt deposit of 
the Goderich region, and a discussion of the best modes of manufac- 
turing salt, considered with reference to our own resources. 

IT. Studies upon the iron ores of the Dominion and the best modes of 
working them. These investigations it is proposed to continue in a 
subsequent Report. 

III. Mineralogical notes on the occurence of gold, silver and bismuth ores 
in Hastings county, with analyses. 


I. THE GODERICH SALT REGION. 


In the Report which I had the honor to submit to you in 1866, there 
will be found, on pages 263-272, an account of the salt deposit then 
recently discovered by boring, at a depth of 1,000 feet from the surface, 
near the town of Goderich, in Ontario. As regards its geological position, 
it was there shewn from the results of the boring that the Onondaga for- 
mation attains in that region a thickness of about 1,000 feet, of which the 
lower 200 feet consist of reddish and bluish shales, including beds of gyp- 
sum, and near the base a layer of rock salt, which in the Goderich well 
was said to have a thickness of about forty feet, including some layers of 
blue clay. From this depth there was obtained, by pumping, a saturated 
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By comparing the above result with that obtained in the first well at 
Goderich, it will be seen that while the amount of shaly strata from the base 
of the limestone to the bottom of the salt was only 205 feet at Goderich, it 
attains at Kincardine a thickness of 809 feet; in which, however, are 
included thirty feet of a rock described as limestone, but which may 
perhaps be gypsum, masses of which were encountered in the shales in 
boring at Goderich. Of the 775 feet of limestone belonging to the forma- — 
tion at Goderich only 5084 remain at Kincardine, the upper portion being 
removed by erosion. It is not, however, certain that the original thickness 
of the Onondaga, or Salina formation as it is sometimes called, was precisely 
the same here as at Goderich, and thus the amount which has been 
removed by erosion may be somewhat greater or less than would at first 
appear. In like manner, the thickness of the same formation at Clinton 
may differ somewhat from that at Goderich, so that the overlying portion 
of Corniferous limestone at that place may be greater or less than 200 
feet, according as the volume of the Salina formation is less or greater 
than at Goderich. Careful examinations of future borings would eneble us 
to determine these important points, and for this end samples of the material 
extracted at intervals of fifteen or twenty feet, should be carefully preserved. 

The base of the Onondaga formation comes to the surface at the mouth 
of the Saugeen river. Here, at Southampton, an ill-advised attempt was Southampton. 
last year made in search of salt by boring. According to the record 
furnished me, the solid rock was only reached at a depth of 280 feet,* after 
which 850 feet of white and gray limestone had been penetrated up to 
August 22, 1868. The subsequent record is incomplete, but beneath the 
limestones were encountered several hundred feet of red shales, and the 
boring was finally abandoned at a depth of 1,251 feet from the surface. 
Another well also was sunk last year at Port Elgin, five miles below South- Port Eigin. 
amapton, on the coast, and the boring in November last, had attained a 
depth of 890 feet, and was still going on in the red shales. In this connec- 
tion may be noticed a well which was sunk in 1867, at the village of 
Waterloo, about eighty miles to the south-east of Port Elgin, but in the Waterloo. 
same geological position, that is to say near the base of the Onondaga 


© The account of this portion of the boring is as follows :— 
Gravel and sand, with tranks of trees at the bage...,......e.0.0 23} Feet. 


Hard-pan and boulders... 2. sccesscccscccccnsccscccccscsesvecece 36 
Blue CLAY... ccc ccccrccccccccccccesccccccccssseecscseeees coco 5 
Coarse sand and gravel....,...,.. esse someseerenssssecusse 16 
Hard-pan and bouiders....,........... Scere cece cc se seen 4} 
Soft marly beds.....cccsccvcceccccccccssccccsscsessececsesevense 50 
Blue clay with boulders. ....cccscccccccvccscvcccnssccccccccecees 67 
Hard-pan and boulders, with gravel................ ses. 28 
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formation, and was abandoned at the depth of 1,120 feet. The record of 
the boring was as follows :— 


Superficial clays and gravel 130 Feet. 





At this depth the well was abandoned ; bitter saline waters were met with 
at depths of 800 and 900 feet, and were probably similar to the bitter 
water found at St. Catherines at the same geological horizon. In the 
Report for 1866, on pages 271, 272, the waters of this class are noticed, 
and their unfitness for the manufacture of salt pointed out. The 77 feet 
of limestone, gypsum and shale in the Waterloo section belong to the base 
of the Onondaga, or salt-bearing series, beneath which no valuable brines 
have yet been found. The 840 feet of limestone underlying the shale, 
represent the Guelph, Niagara and Clinton formations, and the red and blue 
shales beneath these belong to the Medina formation. By referring to the 
account of a boring at Barton, near Hamilton, it will be seen that these 
shales have there a total thickness of about 600 feet. (Report for 1866, 
page 251). 

It will be noticed that the Onondaga formation, as shewn in the borings 
of Goderich and its vicinity, consists of several hundred feet of limestone, 
chiefly magnesian, underlaid by two or three hundred feet of red and blue 
shales, which carry rock-salt at their base. These are succeeded, in 
descending order, by the magnesian limestones of the Guelph, Niagara and 
Clinton formations, which rest upon the red shales of the Medina, as seen 
in the Southampton and Waterloo borings. We have the following succes- 
sion in going downwards : 

1, Limestones of the Onondaga or Salina formation. 
+ 3. Red and blue shales of the same. 

8. Limestones of the Guelph and Niagara formations. 

4. Red and blue shales of the Medina formation. 

On account of the resemblances in color between the upper and lower 
couples of the above series mistakes may easily occur, as at Southampton, 
where the strata of 8 and 4 were supposed to be those of 1 and 2. Such 
errors, which have caused the expenditure of considerable sums of money at 
Southampton, Port Elgin and Waterloo, would be avoided by a careful 





* For a notice of the superficial deposits of this region, see the Geology of Canada, page 
897. 
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study of the distribution of the various geological formations of this region, 
as described in the Geology of Canada. The accuracy with which the 
limits of the various formations throughout this region were traced out by 
Mr. Alex. Murray, has received repeated confirmation in the course of the 
various explorations for oil and salt which have been made within the past 
few years. 

As regards the possible extent of the salt-bearing area now under con- Extent of salt 
sideration, I take the liberty of quoting the following passage from my asin 
Report for 1866, page 271 :— 

“With regard to the probabilities of obtaining salt wells by other 
borings in this region, it is to be remarked that the thickness of the depo- 
sit of salt traversed in the Goderich well may warrant us in expecting that 
its area may be considerable ; though whether its greatest extent will be 
inland, or beneath the waters of the lake, can only be known by experi- 
ment. It has already been explained that salt deposits have been formed 
in basins whose limits were determined by the geographical surface at the 
time ; and it is worthy of remark that both here and in New York the salt 
deposits are connected with a thickening of the Onondaga formation, 
which, in its thinner intermediate portion, is apparently almost destitute 
of salt; a fact suggesting former geographical depressions, in which the two 
salt-bearing portions of the formation may have been deposited. Although 
it would be unsafe to predict that this development of salt at the base of 
the Onondaga formation is so widely extended, its thickness at Tilsonburg, 
St. Mary’s, London, and Enniskillen, is such that it seems probable that 
farther borings in these localities, where deep wells have already been 
sunk, may reach saliferous strata capable of yieldingwaluable brines.” 

In confirmation of the first portion of the above extract, we can now point 
to the existence of salt at Clinton, thirteen miles to the S. E., and at Kin- 
cardine, thirty miles N. N. E. of Goderich. These two stations are forty 
miles apart, and a line connecting them would pass about seven miles to 
the east of Goderich. It is, therefore, extremely probable that the whole 
region between Clinton and Kincardine will be found underlaid by salt, 
and may belong to a single basin, whose extent yet remains to be 

. ascertained. 

The success of the borings at Goderich and in its vicinity has, as we 
have seen, led to the sinking of wells for brine, below the salt-bearing 
horizon. At the same time, other trials have been made in the hope of 
reaching it, by boring through rocks overlying those of the Goderich region. 
For the information of inquirers, it may therefore be well to recall briefly 
some of the facts with regard to the nature and thickness of these rocks, 
of which the details are given in my Report for 1866. It will there be 
seen that the most recent rocky strata in south-western Ontario are the 
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greenish sandstones of the Portage formation. These pass downwards 
into hard black slates (the so-called Genessee slates) which, in their turn, 
rest upon the &pft gray strata of the Hamilton formation. This group of 
sandstone and hard shale, which appears at the surface at Kettle Point in 
Bosanquet, and also in Warwick, is generally concealed by the clays of the 
region; but from the records of numerous borings, chiefly made in search 
of petroleum, we have been enabled to determine its thickness in many 
places. Thus, in a boring at Coranna, on the St. Clair river, near Sarnia, 
it measures 213 feet; in two borings in Camden, 146 and 200; in 
Sombra, 100 ; in Alvinstone, eighty feet ; in Warwick, and near Wyoming 
station, about fifty ; a little north of Bothwell, about eighty ; and further 
south, towards the shore of Lake Erie, about sixty feet in thickness. It 
will be understood that this varying thickness is due to the erosion 
along the anticlinals, before the deposition of the clays, so that in many 
parts of the region only the lower portions of the black slates remain, while 
in other places they are entirely wanting. 

The hard strata just described are conformably underlaid by those of 
the Hamilton formation, which in some parts of New York attains a thick- 
ness of 1,000 feet, but is reduced to 200 feet in the western part of the 
State. It consists, in Ontario, chiefly of soft gray marls, called soapstone 
by the well-borers, but includes at its base a few feet of black beds, 
probably representing the Marcellus shale. It contains, moreover, in some 
parts, beds of from two to five feet of solid gray limestone, holding silicified 
fossils, and in one instance impregnated with petroleum; characters which, 
but for the nature of the organic remains, and for the associated marls, 
would lead to the cohclusion that the underlying Corniferous limestone had 
been reached. The thickness of the Hamilton formation varies in different 
parts of the region under consideration. From the record of numerous 
wells in the south-western portion it appears that the entire thickness of 
soft strata between the Corniferous limestone below and the black shale 
above, varies from 275 to 230 feet, while along the shore of Lake Erie, it 
is not more than 200 feet. Further north, in Bosanquet, beneath the black 
shale, 350 feet of gray shale were traversed in boring, without reaching 
the hard rock beneath; while in the adjacent township of Warwick, in a 
similar boring, the underlying limestone was reached 396 feet from the 
base of the black shales. It thus appears that the Hamilton shale (including 
the insignificant representative of the Marcellus shale at its base) augments 
m volume from 200 feet on Lake Erie to about 400 feet near to Lake 
Huron. 

The Hamilton formation, as just defined, rests directly upon the solid 
non-magnesian limestones of the Corniferous formation. The thickness of 
this formation in western New York is about ninety feet, and in south- 
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eastern Michigan is said to be not more than sixty, although it increases 
in going northward, and attains 275 feet at Mackinac. In the townships 
of Woodhouse and Townsend its thickness has been found to be 160 feet ; 
but for a great portion of the region in Ontario underlaid by this formation, 
it is so much concealed that it is not easy to determine its thickness. If 
we may conclude from the boring at Clinton, it would seem to be in that 
locality not far from 200 feet. In the numerous borings which have been 
sunk through this limestone, there is met with nothing distinctive to mark 
the separation between it and the limestone beds which form the upper 
part of the Onondaga or Salina formation, and consist of dolomite, alter- 
nating with beds of a pure limestone like that of the Corniferous formation. 
The saliferous and gypsiferous soft magnesian marls, which form the lower 
part of the Onondaga formation are, however, at once recognized by the 
borers, and lead to important conclusions regarding this formation in 
Ontario. 

At Tilsonburg, a boring showed the existence of the Corniferous lime- 
stone directly beneath about forty feet of clay, while in another boring, 
about two miles to the south-west, it was overlaid by a few feet of soft 
shales, probably forming the basis of the Hamilton formation. The first 
boring at Tilsonburgh, as mentioned in the report for 1866, was carried 
to a depth of 854 feet in the solid rock. Numerous specimens of the 
borings from the first 196 feet, were of pure non-magnesian limestones, but 
below that depth similar limestone alternated with dolomite. The marls 
which occur at the base of the Onondaga formation were not met with in 
this boring, though the water from 854 feet was said to be strongly saline. 
I was informed by the proprietors, Messrs. Hebbard & Avery, that the well 
furnished, by pumping, a brine marking from 35° to 50° of the salometer, 
but I was not able to get any of the water, and the well was soon after 
abandoned, although the presence of so strong a brine would seem to show 
the proximity of a saliferous stratum.. 

In a boring at London, where the presence of the base of the Hamilton 
was marked by about twenty feet of gray shales, including a band of black 
pyroschist, overlying the Corniferous, 600 feet of hard rock were passed 
through before reaching soft magnesian marls, which were penetrated to 
the depth of seventy-five feet. Specimens of the borings from this well, 
and from another near by, carried 300 feet from the top of the Corniferous, 
show that pure limestones are interstratified with the dolomites to a depth 
of 400 feet. At Tilsonburg a pure limestone was met with at 524 feet 
from the top. 

At St. Mary’s, 700 feet, and at Oil Springs in Enniskillen, 595 feet of 
limestone and dolomite were penetrated, without encountering shales ; 
while in another well, near the last, soft shaly strata were met with at 
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is not less than 414 feet below the surface-level of Onondaga Lake, and 50 
feet below the sea level.—(Trans. N. Y. State Agricultural Society, 
1859.) 

Beds of the ancient gravel are occasionally found converted into a hard 
concrete, the cementing material of which, in some cases at least, is crys- 
talline laminated gypsum. The wells are bored in this gravel to various 
depths up to 350 feet ; brine is met with at about 100 feet, but the brines 
of the deeper wells are stronger, and less liable to variations in quality 
with the season of the year. 

The’report of the superintendent of,the Onondaga salt springs, for 1868, Salt wells- 
contains some interesting details of wells sunk in this region during the 
preceding year. One of these, at a distance of two or three hundred 
yards from the wells which supply with brine the Liverpool district, was 
found to be outside of the gravel basin, the green shales of the Onondaga 
formation having been encountered at a depth of 82 feet, beneath which 
the strata, to a depth of 715 feet from the surface, consisted of green, red 
and gray shales, with a few beds of bituminous limestone, and a little 
gypsum, green shales forming the base. Fresh water was met with at 
116 feet, and salt water first appeared at 164 feet. Analysis of the 
saline waters, from 291 and 540 feet, are given by Dr. Goessmann. That 
from the latter depth contained in 100 parts, chlorid of sodium, 4.5478 ; 
chlorid of calcium, 5.8658 ; chlorid of magnesium, 2.0237 ; sulphate of 
lime, 0.1070=12.5433. The water from the higher level contained 
nearly the same proportions of elements, but was less strong. The water 
from a well 148 feet deep in the shales, four miles farther west, was very 
similar in composition to that of which the analysis has just been given, 
and the same is true of two wells sunk in 1867 at Canastota, about twenty 
miles to the eastward of Syracuse. 

In one of these, after penetrating through about 300 feet of red and Canastota. 
blue clays, a cemented gravel was met with, followed by loose gravel and 
sand to a depth of not less than 648 feet, where a hard rock was encoun- 
tered, and the boring discontinued. The water from these wells was a 
strong but bitter brine containing in 100 parts, sulphate of lime, 0.0058 ; 
chlorid of calcium, 4.8200; chlorid of magnesium, 0.9281; chlorid of 
sodium, 15.2288, and carbonate of iron 0.0150. For this analysis and 
description of the well I am indebted to Dr. C. A. Goessmann. Here, 
then, as at Syracuse, the brine occurs in a deep excavation in the Onon- 
daga formation. The shales of this region, as long since pointed out by 
Eaton, show, in many parts, peculiar hopper-shaped markings, which are 
recognized as the casts of crystals of chlorid of sodium, and hence it was 
conjectured that the source of the brines was to be found in these strata ; Source of 
although it was not impossible that they might be derived from more ss 
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recent deposits of rock salt occupying the remarkable gravel-filled basins 
which are shown to exist at Syracuse and Canastota. The discovery, in 
Ontario, of rock-salt in solid masses interstratified with the base of the 
Onondaga formation, leaves, however, but little doubt of the correctness 
of the views long maintained by the New York geologists, that the source 
of the brine is to be found in this formation. Borings like those of Goderich 
will probably one day show the existence in the vicinity of Syracuse of 
similar beds of rock-salt which now yield to the action of infiltrating waters 
the brines that accumulate in the gravel beds occupying the reservoirs just 
described. These also receive the bitter waters which are derived from 
the shales of the same formation, and contaminate the brines of Syracuse ; 
although they do not mingle to any injurious extent with the water from 
the borings of Goderich and its vicinity. 

In this connection it may be mentioned that brine has been obtained at 
Port Austin, Port Austin, Huron County, Michigan, on the opposite side of the lake 
Michigan. and a little north of west from Goderich. The surface rock of this region 

is a sandstone of the Chemung formation, beneath which, at a depth of 
1198 feet from the surface, there was extracted a brine of which a specimen 
furnished to Dr. Goessmann marked 88° of the salometer, and gave for 
100 parts, chlorid of sodium, 17.6161; chlorid of calcium, 3.1274 ; 
chlorid of magnesium, 1.5675, and sulphate of lime 0.0129 = 22.3239. The 
thicknesses of the different formations across this western region, from New 
York to Michigan, are well known to be very variable, and it is impossible, 
with our present data, to say at what depth the Onondaga formation should 
be found at Port Austin ; but the occurrence there of a brine at 1198 feet 
would indicate either a considerable diminution in the volume of the strata 
between the base of the Onondaga and the Chemung, or the existence of 
a saliferous horizon in the Devonian strata, and consequently intermediate 
between the Onondaga formation and the Michigan salt group, which is 
situated at the base of the Carboniferous limestone in that State. In the 
vicinity of Lake Huron, in Ontario, the Onondaga has a thickness of 1,000 
feet, the Corniferous probably about 200, the Hamilton very nearly 400, 
while the Portage group is represented, both near Sarnia and in the 
adjoining state of Michigan, by more than 200 feet, making thus 1800 feet 
from the base of the Onondaga to the summit of the Portage formation. 
(Report for 1866, p. 241-250.) The above facts with regard to salt in 
Michigan and New York, are worthy of being put on record, as they may 
be found to have, in more ways than one, an important bearing on our own 
Gocesman’s Salt deposits. Some are private communications of C. A. Goessmann, Ph. 
rescarches. I), now professor of chemistry at Amherst, Mass., but for several years 
chemist to the Onondaga Salt Company. His published papers on the 
Onondaga brines in the American Journal of Science for 1866, [2] xu11., 
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211, 368, have also been consulted, and various pamphlets and reports by 
him will be frequently cited in the course of this Report. I take this occa- 
sion to express my deep sense of the value of his important contributions to 
the chemistry of salt-making in New York, and of the courtesy with which 
he has aided me in my inquiries into the salt manufacture at Syracuse. 
He has also visited the Goderich region and submitted the brine to analysis. 


ANALYSES OF THE BRINES OF GODERICH AND ITS VICINITY. 


In the Report for 1866, a first analysis was given of the brine extracted 
from the well of the Goderich Company, the first one bored at Goderich, Goderich Co.'s 
and at that time not yet pumped in a continuous orregular manner. Since ~ ° 
that time the well has furnished an uninterrupted supply of salt water, and 
has yielded, for the greater part of the time, 100 bushels of salt daily. It 
becomes therefore aninteresting inquiry whether, during this period of more 
than two years, the composition of the brine has undergone any change, 
and to this end we may compare four analyses made from brines taken 
at the dates given below, the analysis IJ. being by Dr. Goessmann, the 
others by myself :— 


I. August 19, 1866; cited from Report for 1866, page 269. 

II. April 1867 ; from a Report by Dr. Goessmann. 
III. February 1868; brine sent me by the proprietors of the well. 
IV. November 5, 1868 ; brine collected by me at the well. 




















I. II. | Il. TV. Analyses. 

Chlorid of sodium...... 259.000 241.433 undet. 236.410 
«6 “ calcium. ..… .432 216 182 .190 
“ ‘ magnesium. 254 -336 .288 .410 
Sulphate of lime...... 1.882 6.433 .5679 4.858 
269.568 247.418 ....... 241.868 
Specific gravity. ..... 1.205 1.195 1.192 1.187 

Degrees of the salometer. 100° 95° 94° 929 


[: The cause of these variations is to be found in the fact that the sources causes of varia: 
of saline matters in these brines are three-fold: 1st. The solution of nearly “°™ 
pure rock-salt ; 2nd. The solution of beds of gypsum or sulphate of lime, 
which lie in the shales above the salt ; and 3rd. The intermixture of bitter 
waters, containing large proportions of chlorids of calcium and magnesium. 
Such waters occur in the strata both above and below the salt deposit, and 
become mingled with the fresh waters which flow in to supply the void caused 

by pumping. The composition of these bitter waters is very variable ; in 
some the chlorid of calcium and in others the chlorid of magnesium predomin- 
ates. The waters of this class are noticed in connection with salt-making 
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in the report just cited, page 271, and analyses are given on pages 272, 
278 and 276. The analysis of a similar water from Syracuse is given in the 
present report on page 219. The quantity of bitter salts in the Goderich 
brines, however, 1s insignificant when compared with those of most other salt- 
producing regions. Itis to be noticed that at the time of the first analysis, 
the well was not regularly pumped, and that the brine, though saturated, con- 
tained less gypsum and more chlorid of calcium than it has since yielded ; 
while the chlorid of magnesium has somewhat increased in quantity. The 
density of the brine is subject to some little variation, but is said in the 
Goderich Company’s wellrarely to fall below 92°, and after a repose of a 
few hours to rise considerably above it. Of the other wells which have been 


‘gunk at Goderich, four were being pumped at the time of my last visit, in 


November, 1868, and from these I took specimens of brine. It was not 
considered necessary to analyse these brines from adjacent wells of the 
same depth, but their specific gravity at 62° F. was determined, and ishere 
given, with the corresponding degree of the salometer :— 


Goderich Company’s well, density 1.187 equal 92° salometer. 
Dominion well, a 1.175 si 87° «ce 


Huron well, 4 1.176 66 87e cc 
Ontario well, “ 1.160 és 810 u 
Victoria well, “ 1.160 “ g1o u 


The brines of Clinton and Kincardine shew a strength and purity com- 
parable to those of Goderich. Of the following analyses, V is that of the 
brine from the Clinton well, collected by me on the 6th November, 1868, 
and VI is that from Kincardine, sent to me by the proprietor a few days 
later, the well not having been in operation at the time of my visit to the 
district :— 











Vv. VI. 

Chlorid of sodium. ..ccccs cecucacsces sos 204.070 241.350 
“ 8 calcium. soso .470 .840 

& « magnesium. 2000005 00058 2000. .184 .230 
Sulphate of lime... ,..csccccccccccseveserecs 5.683 3.264 
210.307 245.484 

Specific gravity......cccaccccccccsacccsccccs * 1.167 1.191 
Salometer..cccsccccsecccescccccvecccsseceee gco 94° 


MANUFACTURE OF SALT AT GODERICH AND CLINTON. 


Of the wells above mentioned, that of the Goderich Company has been 
regularly worked since October, 1866, and the manufacture of salt was 
commenced at the four others named above, the Dominion, Huron, Ontario, 
and Victoria wells, during the summer months of 1868. In November 
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last, the boring of three others was nearly or quite completed. Two of 

these, called the Prince and Maitland wells, are, like that of the Goderich Goderich. 
Company, on the north side of the Maitland River, while a third, the 
Tecumseh well, is on the south side, near the others mentioned above. 

The number of kettles used, and the daily produce of the wells then in Salt works. 
operation was, in November, 1868, stated to be as follows :— 


Goderich Co, 104 kettles. yielding 100 barrels of salt. 
Dominion, 60 ‘! ‘6 55 “6 
Huron, 120 ‘! es 110 
Ontario, 60 ‘“ “ 55 a 
Victoria, 60 = 6 56 “6 

404 kettles “ 875 barrels. 


The Goderich Company and Huron wells have two blocks of kettles 
each, the others but one, the block of kettles consisting of two parallel rows 
of from twenty-six to thirty cast-iron kettles each. The arrangement is 
copied from the works of the Onondaga Company, at Syracuse, New York, 
where the number of kettles in a block varies from fifty to sixty. The salt boiing. 
capacity of the kettles used at Goderich varies from 120 to 140 gallons, 
the larger ones being placed towards the front, and exposed to the greater 
heat, from which, however, they are partially protected by arches con- 
structed under the first nine or ten kettles. At Syracuse, in some of 
the blocks, the rear kettles have a capacity of not more than 100 gallons. 

The cost of a block of sixty kettles at Goderich is said to be $1,500, to 
which is to be added for the construction of the furnace, $1,600, making 
a total of $3,100. 

The fuel hitherto used at Goderich has been chiefly wood, which costs Fuel ; coal and 
there. $2.50 the cord. Bituminous coal, which has been tried there to a 
small extent, is shipped from Cleveland, and delivered at Goderich, as I 
was informed, for $3.80 the ton. The amount of salt to be obtained by 
the use of a cord of wood, at Goderich, was variously estimated by the 
different salt-makers. The figures furnished me by Mr. Samuel Platt, 
which seem to be the result of careful observations at the Goderich Com- 
pany’s works, give a consumption of sixteen cords of hard-wood for one 
hundred barrels, of five bushels each, of salt. Of this amount of wood one 
and a-half cords are consumed for the engine employed in pumping the 
brine, leaving fourteen and a half cords for the evaporation, which gives 
about 344 bushels to the cord of wood. The estimates at two other wells, 
given me by persons worthy of confidence, corresponded respectively to 
85k and 36 bushels to the cord, and we may therefore, I think, assume 
85 bushels of salt,.of 56 pounds each, to be the average result for the 
cord of hard-wood employed at Goderich. 
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+ Syracuse, where wood is also used to a considerable extent, the 
of salt is from 87 to 88 bushels to the cord of wood, and the ton of 
gives about the same amount, so that in round numbers the production 
pound of salt there, requires the combustion of a pound of coal (37 X 
= 2072 Ibs.) The cost of coal delivered to the salt-makers at 
use was, in 1868, $8.50 American currency. The wood used there 
ome of the manufacturers is cut from lands in the vicinity. From 
» figures, which I received at Syracuse from what I consider 
ubted authority, it would seem that the salt-makers of Goderich will 
ve gainers by the attempt to substitute imported coal for the wood of 
own neighborhood, since, while the cord of wood is equal in salt- 
ucing power to a ton of coal, its cost in round numbers, is, at present 
8, only two-thirds as much. 
1e brines of Syracuse mark from 59° to 65° of the salometer, while 
> of Goderich, as seen above, give from 81° to 90° and even 95°. A 
brine of 60° contains 15.6 per cent. of salt, and 38.9 gallons of it are 
ired to yield a bushel of salt; while a brine of 90° holds 28.4 per 
., and yields a bushel of salt for 24.5 gallons. Hence it appears that, 
“and numbers, the Goderich brines contain about one-half more salt 
those of Syracuse, or are fifty per cent. richer. So that, as remarked 
tr. Goessmann, we should expect fifty-two bushels as the yield at Gode- 
for the cord of wood, being an increase of nearly 50 per cent. on 
now obtained. 
his great discrepancy between what might be expected, and the results 
ally obtained at Goderich, is easily explained, and is found in the fact 
the system of evaporation pursued at Syracuse, and adopted at 
erich, is one not suited to the strong brines of the latter region. On 
point Dr. Goessmann remarks that the only difficulty with which the 
makers of Goderich have now to contend “ is the rapid incrustation 
1e kettles, a trouble due to the strong concentration of their brine, in 
ection with their peculiar system of manufacture.” Under these 
amstances, the salt separates in considerable amount in very fine 
ag, and a hard incrustation forms on the bottom and sides of the kettles, 
‘h soon becomes several inches in thickness. This not only causes a 
iderable waste of salt, since these crusts are not fit for market, but, 
t is of much greater importance, prevents the economical application 
1e fuel ; besides which, the necessity of a frequent removal of the crust 
alt generally keeps one of each row of kettles out of service. The 
it may be removed either by mechanical means, or by dissolving it out 
: fresh water, a process which involves the loss of time, fuel and salt. 
h weaker brines, on the contrary, like those of Syracuse, the fresh 
plies of brine added to the emptied kettles suffice to dissolve any exist 
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ing erust, and the difficulties which cause such a serious loss at Goderich 
are not felt. 

Dr. Goessmann proceeds, in describing the manufacture at Goderich :— 
‘ The salt is, after separation from the pickle, (mother-liquor) as might 
have been expected from a brine like that of Goderich, of a superior 
color, of a hard fine grain, resembling the best brands of home and foreign 
manufacture, and this success is attained without any but the ordinary 
care required for the manufacture of common fine salt. It will be noticed 
that the sole objection which may be raised against the Goderich brine, is 
merely incidental, for the brine is too strong to be worked to its full 
advantage by the system of manufacture at present pursued. Evaporation by 
more moderate heat, for instance, on the European plan of large pans, or 
evaporation by solar heat in wooden vats, on the Onondaga plan, would, no 
doubt, prove more successful. Each of these methods would produce, with 
less trouble, not only a very good marketable article of its kind, but secure 
what is most important, the full percentage of salt, which might be 
expected, comparing its concentration with the brines of Onondaga, to 
be a difference of 50 per cent.” 

The above extracts are from a printed Report by Dr. Goessmann, 
dated January, 1868, on the salt resources of Goderich. Since that time 
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the system of evaporation in pans has been tried at Clinton, and the results Evaporation in 
fully justify the recommendation by Dr. Goessmann. The Stapleton salt- °°” 


work here erected by Mr. Ransford, has two pans, each twenty-one feet 
wide by forty feet long, and fifteen inches deep. Under the front pan three 


wood fires are kept up ; the brine in this is maintained in rapid ebullition, cinton. 


while the waste heat passes under the second pan, in which a slower eva- 
poration goes on, producing a coarse flaky salt. The daily production of 
these two pans was, I was informed, equal to fifty barrels of fine salt from 
the front pan and twenty barrels of coarser salt from the rear one, equal 
to seventy barrels, and the consumption of wood for this production was 
seven cords, being at the rate of fifty bushels of salt for the cord of wood. 
Although the brine was said to mark generally 85°, the specimen taken by 
me, whose analysis is given on page 221, was not above 80°; the result thus 
shows most satisfactorily the greater economy of fuel to be attained by the 
use of pans, and the utilization of the waste heat, as practised at Clinton. 
The crust which forms on the first pan is removed once a week, and is 
found in that interval of time to be from one and a quarter to one and a 
half inches in thickness. But very little crust is deposited in the rear pan, 
except at the end nearest the fire. In Cheshire, in England, where 
brines as concentrated as those of Goderich are evaporated, pans similar in 
dimensions to those at Clinton are made use of ; while single pans, having 
a breadth of twenty by a length of forty feet, and a depth of two feet, are 
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also employed, in which the evaporation is carried at temperatures as low 
as 150° Fahrenheit, for the production of coarse salt. 

Mr. Samuel Platt, under whose superintendence the first salt was made 
at the Goderich Company’s well, has patented an evaporating pan, to which 
the heat is applied by the means of steam heated to a pressure of thirty 
pounds. In this way it is expected to effect an important saving of fuel, 
and obtain other advantages. I have not yet Jearned the result of experi- 
ments:in progress for the purpose of testing the merits of this system. 
Several other proposed improvements in evaporators have recently been 
made the subject of patents in Canada. 

Attention was called, in the Report for 1866, to the great purity of the 
Goderich brines, of which Dr. Goessmann subsequently writes, in his report 
already cited : “ The present brine of Goderich is not only one of the most 
concentrated known, but algo one of the purest, if not the purest, at present 
turned to practical use for the manufacture of salt ;’’ and he procecds to 
remark that the proportion of obnoxious deliquescent chlorids (of calcium 
and magnesium) is from one-fourth to one-fifth of that found in the 
brines of Syracuse. It will be seen by referring to the table of analyses, 
given on page 221, that the proportion has not increased after more than two 
years pumping of the well first sunk; the only change being that the 
amount of gypsum has augmented. The earthy chlorids, just mentioned, 
being much more soluble than the salt, do not separate, but remain behind 
in the mother liquor, which should, from time to time, be emptied from the 
evaporating vessels. From a neglect of this it would otherwise happen 
that the salt would, after a time, be rendered impure from the adhering 
mother-liquors, and be reduced to the condition of salt manufactured from 
inferior brines like those of Saginaw ; the impurity of which consists in these 
same earthy chlorids, which it becomes necessary to remove by a special 
process. The precaution of throwing out the mother-liquors from time to 
time, has not been attended to at Goderich ; and when it is found necessary 
to empty a kettle for the purpose of removing the crust, it has been the 
practice to transfer the brine into an adjoining kettle. The effect of this 
is shown by the following comparative results for 100 parts of brine; A 
being the recent brine, marking 94°, whose analysis is given at IIT. on 
page 221 ‘and B, a saturated brine, marking 100°, taken from one of the 
boiling kettles at the same time :— 


A. B. 

Chlorid of calcium.........sessssososssooosossese ‘182 688 
$6 MAGNESIUM. «coer ssseecccccccecccevesones 283 1:185 
Sulphate of lime... .. 2.00 ccccccccccccccvccccscceses 5°679 4°908 


. The diminution in the amount of sulphate of lime is due to the fact that 
both heat and the presence of earthy chlorids diminish its solubility. 
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These latter salts are present in a four-fold proportion in the evaporated 
brine, showing clearly the accumulation of these which takes place when 
the common salt is removed, and the necessity of throwing out the old 
liquors from time to time. 
In the brines of Saginaw, the chlorid of magnesium, which is more obnox- 
ious than the calcium salt, is got rid of by the addition of a small portion of 
quick-lime, as described in the Report of 1866, page 265. On page 267 
of that report will be found analyses of brines from other regions, that of 
Syracuse included, which, as we have seen, contains from three to four 
times as much of these bitter earthy chlorids as our own brines. These are 
decomposed by an ingenious process, which consists in washing the pre- Purifying sait. 
viously drained salt in a pure saturated brine, to which has been previously 
added 2 sufficient proportion of carbonate of soda to decompose the earthy — 
chlorids present in the salt, the proportion being determined by the results Factory-auled. 
of analysis. The salt purified by this operation is drained, and partially — 
dried in bins, after which the drying is completed in hot-air chambers, or 
in revolving cylinders heated to 250°—800° F., and the salt finally 
screened and ground. This process yields the so-called “ Factory-filled 
Salt ” of Syracuse, greatly estimated for dairy use, of which about 700,000 
bushels are manufactured yearly. 


ON THE MANUFACTURE OF SOLAR SALT. 


We have already referred to the advantages offered by Goderich for 
the manufacture of solar salt, and now propose to give a brief account of 
the system pursued for making it at Syracuse, New York, based upon 
published reports, and upon my own observations in 1868. The condi- 
tions in which the brine is met with in a gravel-filled basin of small extent 
on the shores of Onondaga lake, near to Syracuse, have already been Syracuse salt 
described. The salt-producing area, known as the Salt Springs reserva- 
tion, is divided into four manufacturing districts, known as the Ist, or 
Syracuse, the 2nd, or Salina, the 3rd, or Liverpool, and the 4th, or Geddes 
district. The wells in the Liverpool district becamo valueless and were 
abandoned in 1866, and the brine now required for the works at Liverpool 
is raised from the wells in the Salina district, and conveyed by a line of 
bored logs of nine inches calibre, to a reservoir seventy-five feet long, 
fifty-three feet wide, and eight feet deep. The large reciprocating pumps 
hitherto used are now being replaced by small rotary brass pumps, one of 
which, costing $300 American currency, is said to be sufficient for the 
most abundant well. 

The various salt-makers in these four districts, were in 1860, united into onondags 
an incorporated company, known as the Salt Company of Onondaga. By Balt Go. 


Annual produc- 
eae Prod 


Settling-rooms. 
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this union of their interests under one head they have been enabled to 
secure great advantages. Among these have been the appointing of 
agents in the principal markets of the country, the establishment of a 
general direction ensuring uniformity in the quality of the salt and the 
mode of preparing it for market, and finally the employing of a scientific 
chemist to direct the works, and, by careful studies, to suggest improved 
methods of manufacture. 

These works pay to the state a tax of one cent per bushel, besides a 
rental, which is, however, insignificant, since it appears that the whole sum 
paid by the Company to the state in 1867, for rents and penalties, was 
only $102 ; the duty amounting for the same time to $75,956.06, being for 
7,595,565 bushels of fifty-six pounds each, the amount inspected in 1867. 
Of this amount, 2,271,892 bushels were made by solar evaporation and 
5,328,673 bushels by boiling. Of the solar salt, 808,266 bushels were 
ground, and of the fine or boiled salt, 188,866 ; of which 41,929 bushels, 
prepared in the Geddes district, are described as table-salt. 

I am not able to give the entire number of blocks of kettles in the estab- 
lishments of the Company ; but itis stated in their report for 1867, that the 
average daily produce of salt for each block during the year was equal to 
nearly 261 bushels, while the average from the seven blocks of kettles at 
Goderich, from the figures given on page 223, was 268 bushels. 

The cost of making solar salt in the Onondaga region is estimated to be 
a little less than that of boiled salt. 

The process of making solar salt at Syracuse is divided into three stages: 
First, the settling of the brine, as it is called ; second, its concentration, or 
what is called pickle-making ; and third, the making of salt from the pickle. 
The brine after being raised, is stored in reservoirs, from which it is led 
through bored logs to the deep-rooms or settling-rooms, as they are termed, 
where it is exposed to the air in large tanks, which are deeper than those 
used in the subsequent stages. There the brine absorbs a portion of 
oxygen’ from the air, by which means the carbonate of protoxyd 
of iron, which is dissolved in the recent brine, is converted into insoluble 
peroxyd of iron. This separates in a hydrated form, as an insoluble 
yellowish mud, which accumulates in the bottom of the tanks, and the brine 
becomes clear and colorless. This first stage is not required for our 
Goderich brines, which are free from any trace of iron. 

The process of evaporation, of course, begins in the settling room, but is 
continued in what are variously called lime-rooms, gypsum-rooms, or plaster- 
rooms, from the fact thatthe sulphate of lime or gypsum, (which is the same 
substance as uncalcined plaster of Paris) is here deposited in a hydrated 
state, and in the form of crystals, which in time nearly cover the bottoms of 
the vats. As the brine approaches saturation, flakes.of gypsum are seen 
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floating on the surface of the liquid, and at length the appearance of crystals 
of salt shows that the second stage of the process is accomplished, and that 
the saturated brine, known as salt-pickle, is ready for the third stage. This 
is then at once removed, and is ready for the salt-rooms, in which the 
deposition of the salt goes on. 

By salt-rooms are meant areas occupied by the evaporating vats or Saltrooms. 
covers, as they are called, which are provided with moveable roofs, that 
can be drawn over the covers in rainy weather, but withdrawn at other 
times, 80 as to expose the brine to the action of the wind and sun. The 
covers are rectangular in shape, and all of the same size, being sixteen by Sait-covers 
eighteen feet, and six inches deep. They are raised on wooden supports 
two or three feet from the ground, and are arranged in sets or strings, each 
from four to six inches above the other, so that the liquid can be made to 
flow from the higher to the lower by opening small gates. The whole num- 
ber in use at Syracuse in 1867 was 41,718 ; of these, in round numbers, 
two-fifths belong to the settling and gypsum-rooms, while three-fifths, or 
about 25,000, are salt-covers. The average yield for cach cover at the 
Salt Company’s works was, in 1867, 548 bushels; while for the salt-covers, 
which are fed with saturated brine, it would, if we take their number to be 
25,000, equal more than 90 bushels to the cover, for the season. With 
the purer and more concentrated brines of Goderich the settling tanks are 
unnecessary, and the time required in the gypsum-rooms to bring the brine 
to the condition of saturated pickle would be very much abridged, so that a 
much less proportion of the covers would be required for the gypsum-rooms, 
and the average production of salt to the whole number of covers, very 
greatly increased. 

One of the conditions required for the production of a good large- Gongitions for 
grained solar salt, which is most esteemed in the markets, is that the bot- 
tom of the covers in the salt-rooms should be as smooth as possible; rough 
surfaces favoring the deposition of numerous small crystals. It is also neces- 
sary to have the salt-covers supplied with a sufficient supply of good pickle, 
80 that the salt already deposited may always be covered. An exposure 
of the salt uncovered to the air favors the formation of new small crystals, 
and the addition of an unfinished or not sufficiently concentrated pickle 
produces the same effect, inasmuch as it brings an excess of sulphate of 
lime into the salt-room ; and the increased separation of gypsum will also 
cause the production of.a larger proportion of.fine grains of salt. It is. 
also of great importance that the waste pickle, from which the greater 
part of its salt has crystallized, should be removed from time to time, as its 
presence not only impairs the quality, but diminishes the quantity of the 
salt deposited. 

A correct understanding of the chemical relations of the various con- 


Chemistry of 
brines. 
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stituents of brines is so important to the manufacturer of salt that it is 
well to enter into some details on the subject, and to embody the result of 
a very careful and valuable series of experiments carried on by Dr. 
Goessmann at Syracuse, and published by him in a report to the Onondaga 
Company in 1864. In the Report of the Geological Survey for 1853-56, 
pages 404-419, I have described in detail the manufacture of salt by the 
evaporation of sea-water, and the chemical reactions which come into play 
in the process.* The composition of sea-water differs in some important 
particulars from that of brines like those of Syracuse and Goderich, and 
especially in the presence of a large amount of sulphates, so that the 
evaporated brine or salt-pickle from sea-water contains no chlorid of cal- 
cium and only a trace of gypsum, but besides a large proportion of chlorid 


. of magnesium, a considerable amount of sulphate of magnesia. 


“Their compo- 
. sition. 


Æarthychlorids. 


Solubility of 
alt. ul 


The compounds found in native brines, like those of Goderich and Syra- 
cuse, are as follows: 1st, chlorid of sodium or common salt; 2nd, chlorid 
of calcium; 8rd, chlorid of magnesium ; and 4th, . sulphate of calcium or 
sulphate of lime. In addition to these, small portions of carbonate of iron are 
often present; this substance is separated at an early stage of the process, 
as already explained, in the form of hydrated peroxyd of iron, and unless 
carefully removed in the settling-tanks gives a reddish tint to the salt. 
This objectionable impurity is, however, entirely absent from the brines of 
Goderich and its vicinity. In addition to the substances already men- 
tioned, the brines contain small portions of chlorid of potassium and of 
bromid of magnesium. These, however, have no perceptible influence oa 
the manufacture of salt. The chlorids of calcium and magnesium, being 
compounds of what are sometimes called the earthy metals, are frequently 
spoken of as earthy chlorids, a term which, for convenience, will some- 
times be made use of in discussing the relations of the various elements of 
brine to water and to each other. 

A saturated brine prepared with pure water and pure salt (chlorid of 
sodium) has a specific gravity about 1.205 at 60° Fahrenheit, (Liebig) 
and contains 26.423 per cent. of salt. The presence of earthy chlorids, 
however, diminishes the solubility of salt in water, so that a saturated brine 
containing these chlorids is less rich in salt than if it were pure. Another 
point to be considered in this connection, is that as these chlorids are much 
more soluble in water than the salt, the latter crystallizes out first, leaving 
them behind in the pickle, where they accumulate ; the salt which separates 
retaining only so much of the earthy chlorids as is present in the pickle 
which moistens it. At length, after the separation of the greater part of 
the salt, either by boiling or by solar evaporation, the proportion of these 





* See also the American Journal of Science for 1858, vol xxv. page 361. 
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chlorids becomes so great that they predominate in the pickle or mother- mothertiquor. 
liquor, which becomes what is called bittern by the makers of salt from 

sea-water. It has a sharp and bitter taste from the presence of the 

chlorids of calcium and magnesium, and as these compounds have a great 

attraction for water, and even absorb it from moist air, when in concentrated 

solutions, it follows that the pickle from which the greater part of the salt 

has been separated no longer loses water by exposure to the air at ordi- 

nary temperatures, and although very dense, and marking a high degree 

on the salometer, holds but a small proportion of salt. 

The sulphate of lime presents curious relations both to water and to the sulphate of 
other compounds present in natural brines. 100.00 parts of pure water, 
at ordinary temperatures, dissolve about .25 parts of the sulphate of 
lime, but it is somewhat less soluble in water at the boiling point, and at 
higher temperatures becomes almost insoluble ; a property which causes it 
to be deposited in high-pressure boilers in which sea-water and other 
waters holding this sulphate in solution, are exposed to temperatures much 
above 212° F. Sulphate of lime is much more soluble in a strong 
solution of salt than in pure water, while on the other hand the earthy 
chlorids diminish its solubility. Thus 100.00 parts of pure saturated brine 
are capable of holding in solution from .50 to .60 parts of sulphate of lime 
while in the bittern or pickle in which there has accumulated a large 
amount of earthy chlorids, the sulphate becomes nearly insoluble. Its 
solubility in brine, as in pure water, is also diminished by heat, so that a 
brine brought to saturation by boiling, deposits more of its sulphate of lime 
than if concentrated by evaporation at the ordinary temperature. These 
points are exemplified by the following series of analyses made by Dr. 
Goessmann with the especial object of throwing light upon the manufac- Goossmann’s 
ture of solar salt at Syracuse. 


I. Brine from one of the wells at Syracuse, having a specific gravity of 
1.1225, which corresponds to 65° of the salometer at 70° F. 

II. Pickle or saturated brine obtained by concentrating I by solar heat 
until it was ready to deposit salt. It then had a specific gravity of 1.2062, 
equal to 100° of the salometer at 70° F. 

II A. An artificial brine, almost identical with the last, and prepared 
for certain experiments to be mentioned farther on. 

III. Pickle “ from the first cover of a string of salt-vats numbering 
from thirty to thirty-four covers. The latter were partitioned into two 
sub-divisions. The one towards the head of the string was from five to 
six inches higher than the one towards its termination.” 

IV. Pickle “ from the last cover of the same string,” the whole having 
been filled with new pickle for the season’s work. The liquid flows from 
III down to IV, so that the latter represents a piekle which has parted 
with a considerable portion of its salt. 
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V. Pickle from the last cover or string of a similar series, at the middle 
of the summer season, when evaporation had proceeded so far that the 
pickle was low and the salt partly bare. 

A comparison of the results given under II, III, IV, and V, will show 
that in these pickles, the proportion of sulphate of lime diminishes as that 
of the earthy chlorids increases. 





















I. IL. 

Sulphate of lime 0.5772 0.4110 

Chlorid of caleia 0.1533 0.2487 

Chlorid of magnesium. 0.1444 0.2343 

Chlorid of potassium 0.0119 0.0194 

Bromid of magnesium . 0.0094 0.0039 

Carbonate of iron . 0.0044 ..... oe 

Chlorid of sodium 16,5317 25.7339 25.6906 

Water 83.5747 73.3488 13,3545 
100.0000 100.0000 100.0000 

I. Iv. v. 

Sulphate of lime 0.3188 0.1148 0.0264 

Chlorid of calcium . 0.4223 2.6959 10.4690 

Chlorid of magnesium. 0.6005 2.1513 10.5020 

Chlorid ofpotassium . 0.0194 0.8177 3.3769 

Bromid of magnesium 0.0331 0.1160 0.4485 

Chlorid of sodium 25.0463 20.1006 8.7441 

Water.. : : 





100,0000 


100.0000 








Tn this connection Dr. Goessmann gives the following analyses, in which 
VI shows the proportion which the sulphate of lime and the earthy chlorids 
bear to the salt in the fresh pickle, II ; and VII the average composition of 
the eolar salt made from this pickle at Syracuse. These results show that 
only about one-eighth of the earthy chlorids present in the fresh pickle are 
retained by the salt, the remainder accumulating in the mother-liquor, 
except a small portion, which is supposed to pass through the pores of the 
wood. 






vi. 

Sulphate of lime . 1.5400 
Chlorid of calcium. : 0.9335 
Chlorid of magnesium . 0.8817 
Chlorid of sodium tee 96.6448 








The composition of the old and half-exhausted pickles is shown in the 
analysis IV, and at a still later stage in V. The evils resulting from 
this accumulation of chlorids are many : first, the salt removed from these 
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is impregnated with a very impure pickle, which not only adheres to the 
crystals, but fills small cavities in them; the presence of these earthy 
chlorids being unfavorable to the production of solid crystals free from 
cavities. These adhering solutions of earthy chlorids never dry completely 
at ordinary temperatures, and keep the salt constantly moist, and very 
easily affected by damp weather. Again, these impurities affect the quan- 
tity as well as the quality of the salt produced, by retarding the process 
of evaporation. Under any circumstances the force of affinity causes such 
saline solutions as these to evaporate less rapidly than pure water, at ordi- 
nary temperatures. Thus it was found by Dr. Goessmann, on exposing equal 
‘volumes to evaporation under the same conditions, that while pure water 


lost 60 per cent. of its volume, a recent brine, marking 65° of.the salometer, ™ 


(analysis I) lost but 45 per cent., a fresh pickle 43.66, and an old partly 
exhausted pickle only 80.05 per cent. of its volume. Were the last to 
evaporate as rapidly as fresh pickle, it would yield a less quantity of salt, 
since, as appears from the analysis already given, it contains less 
salt for the same volume; but in fact, its evaporation is much retarded by 
the affinity of the earthy chlorids for water. This becomes so manifest 
that, after a certain stage of concentration, evaporation ceases altogether 
at ordinary temperatures. It is well known to chemists that these chlorids, 
if evaporated to dryness by artificial heat, will, on exposure at ordinary 
temperatures, absorb moisture from the air, and redissolve, or deli- 
quesce, as itis termed. A similar process takes place with the concen- 
trated bitterns, which at the temperature of the air lose water in dry 
weather, and absorb it again in moist weather. This process, and the effect 
of the purity of the pickle upon the quantity of salt produced, is shewn by 
the following experiments of Dr. Goessmann :-—An artificial pickle, closely 
resembling the fresh pickle II, and having the composition represented 
under II A, having been prepared, five glass basins were arranged, and 
placed in a position exposed to air and light, but sheltered from rain. Of 
these vessels, 1 was filled with the! pickle [I A; 2, with equal parts of 
IT A and IIT; 8, with equal parts of II A and IV ; and 4, with equal parts 
of ITA and V ; while 5 was supplied only with the impure pickle V. It 
was found that during the whole season the 600 volumes of this last, taken 
for the experiment, were never reduced below 320, a bulk which was sub- 
sequently augmented to 840 volumes when the da:np weather of autumn 
came on. After an exposure during the whole s.lt-making season, the 
salt from each basin was collected and carefully weighed, with the follow- 
ing results, the produce of the fresh pickle being taken at 100 :— 


gav : of salt... ous ssccsssccecces 100-00 parts. 
EE CS 99°72“! 
Wo ivcseteessesesseee 88 € 
c 6 QU est soso eee 15°60 te 
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From the sparing solubility of salt in a bittern like V, it results that if 
fresh pickle be mixed with it, the mixture can no longer hold the whole of 
the salt in solution, but deposits a considerable portion of it in fine grains. 
All of these considerations shew that the accumulation of the impure 
liquors in the salt-covers is to be carefully avoided, and that they should 
be thrown away before they reach such a stage of concentration and impu- 
rity as to retard the efficient working of the process and reduce the yield 
of salt. Such a result is shewn in the experiments 8 and 4, where the 
falling off in the production is seen to be five and nineteen per centum. 
These impure pickles have a specific gravity considerably greater than that 
of pure saturated brines. Thus, according to Dr. Goessmann, the pickle 
V, which contains less than nine per cent. of salt, marks 32° on Beaumé’s 
scale, which corresponds to a specific gravity of about 1.278, and would 
equal 123° of the ordinary salometer, were the scale of this instrument to 
be extended; while a pure saturated brine, of 100° of the salometer, corres- 
ponds very nearly to 25° of Beaumé’s areometer. Dr. Goessmann recom- 
mends this latter instrument to be used for testing the old liquors, and 
states that a pickle marking 80° Beaumé (equal to a specific gravity of 
1.256) is to be rejected, as no longer fit for the purpose of making 
solar salt. 

It will be seen from the analyses already given that the small amounts 
of chlorid of potassium and bromid of magnesium which these brines contain, 
accumulate in the old pickle, and might, perhaps, in some cases be turned 
to account as sources of potash and of bromine. Though this is not 
attempted at Syracuse, bromine is manufactured from the bitterns of salt- 
springs in western Pennsylvania and in Germany, and potash salts are 
éxtracted from the bittern of sea-water on the shores of the Mediterran- 
ean. The brines of Goderich are fortunately so pure that these foreign 
elements are present in too small amount to be of significance, although 
traces of both potash and bromine are found in them. 

As we have seen that the earthy chlorids are the most objectionable 
impurities in natural brines, it will be well to compare our own with those 
of Syracuse and of Saginaw. The following table shews the proportion of 
the two chlorids united, and also that of the sulphate of lime, calculated 
for 100.00 (one hundred parts) of the solid matters of the different brines ; 
the difference between the sum of these and 100.00, being in each case 
pure salt. 


Earthy chlorids. Su'phate of line. 


1. Goderich Co's. well, Aug. 1866.............10e 26 "69 
2. ui Apr, 86... sesossseseoe ee -22 2°19 
8. “6 © Nov. 1868........ sonores 25 2:00 
4. Clinton “ CE ana cececccceces ‘31 2°65 
5. Kincardine a $6 Edam seen uone ces ‘44 1°33 











REPORT OF DR. T. STERRY HUUNT. 235 


6. Syracuse brine, analysis I, page 232,.......... . 1°42 3.51 Syracuse. 
7. “6 saturated salt pickle,..............., 1-81 1.54 
8, Saginaw brine (analysis by Douglas),.......... 16°63 .53 Saginaw 
9. « 4 {4 Dubois),.............. 17-42 2.20 

10. = 6 Ç Chilton}),....s.sesse 22-89 45 

11. “ RS & Webb),...ccccccccceee * 8°04 undetermined. 


The amount of sulphate of lime in the Goderich brine in August, 1866, 
before the well was pumped, was very small, though it has since increased. 
The smaller proportion contained in the Saginaw brines is due to the large 
amount of earthy chlorids present, which, as we have said, diminish the 
solubility of sulphate of lime. The proportion of earthy chlorids in the 
Goderich brines is seen to be but a small fraction of that contained in those 
of Syracuse ; yet in the manufacture of solar salt these chlorids will slowly 
accumulate, and so require, though to a less degree, the same precautions 
as at Syracuse for getting rid of them from time to time. The following 
recommendations for the improvement of the solar salt at that place, copied 
from the Report of Dr. Goessmann already noticed, which was published 
in 1864, are therefore worthy of notice. Alluding to the different stages 
of the process, as described on page 228, which are carried on in three 
separate systems of vats, known as settling-rooms or deep-rooms, gypsum- 
or lime-rooms and salt-rooms, he observes :— 

‘6 The successful working of these rooms, as a general rule, is best aided Plan of solar 
by building them in distinct systems, corresponding with the number of * works. 
processes intended ; the succeeding set of rooms always from four to six 
inches lower than the preceding ones, and every system with a perfectly 
even bottom, but a distinctly slanting position towards their termination. 
Such a construction not only favors a desirable independent management 
of each system of rooms, but admits of a more successful drawing-off of brine 
or pickle. . * ° ° * The degree in which 
the bottom of every system of vats has to incline, is best regulated by the 
respective lengths of the strings ; the longer the string of vats the less may 
be the rate of inclination. The latter ought to be such as to enable the 
workmen to draw from every one of these divisions, whenever required, that 
portion of the saline solution which has reached the desired point for which 
it was retained there. The flow itself, on the other hand, ought to be 
sufficiently slow to prevent the stirring up, and thus the carrying along of 
sedimentary matter to the succeeding division. The latter purpose can be 
much aided by a proper distribution of gates for discharging the brine from 
the upper to the lower section. Several small gates properly located are 
always preferable to one large one; the additional trouble caused by being 
compelled to open at every new charge or discharge, several gates instead 
of one, is more than compensated by the decided advantage gained in being 
enabled to draw or run off the old pickle uniformly, and thus more effectu- 


Gypsum-rooms. 


Salt-rooms. 


236 GEOLOGICAL SURVEY OF CANADA. 


ally, towards the termination of the lower rooms. The changes to which the 
brine is subjected while still in the first two systems of vata—the settling 
and the gypsum-rooms—manifest themselves, as we have observed, uniform- 
ly throughout the whole mass ; and the vats being always filled with a saline 
solution of the same or srmilar original composition, and terminating also 
each time with a certain uniform state of the solution, in the form of a 
saturated pickle, do not exactly require separate divisions within their 
systems of vats. Nothmg remains to be said here in regard to their construc- 
tion, but that they ought to present a sufficient area of surface for evapora- 
tion, to enable the manufacturer to feed his salt-rooms whenever it may be 
required ; this being requisite in order to produce a superior article of 
salt. It may be a very difficult question to ascertain the exact relative 
proportion between the surfaces of evaporation in the settling and gypsum 
rooms on the one hand, and the salt-rooms on the other ; yet to find some- 
thing near to it is one of the most important questions. A satisfactory 
decision of that question can only be obtained by adopting a method for 
working the salt-rooms to the best advantage, a method which tends to 
protect free evaporation in the salt-rooms from retarding influences—influ- 
ences which are undeniable, yet uncertain in force.”’ 

In relation to the foregoing extract, it is to be observed that the prepara- 
tory stage, which requires two sets of rooms at Syracuse, on account of iron 
in the brine, may, in the absence of this impurity, be effected in a single 
set of rooms, in which the brine shall be brought to the point of saturation 
and a portion of gypsum deposited. The stronger the brine also the smaller 
need be the area of the gypsum-roums as compared with the salt-rooms, 50 
that the comparative area of the former at Goderich may be very much 
reduced, as noticed on page 229. The influences alluded to as retarding 
free evaporation in the salt-rooms are those of the earthy chlorids, which, 
as already shown in page 231, have—when in considerable quantities—a 
powerful effect in this way. Hence, the necessity of getting rid of these, 
from time to time, by drawing off and rejecting the old pickle before it 
becomes so impure as to become prejudicial. The means of determining 
this point has already been shown on page 234. 

As already remarked above, the settling and gypsum-rooms, in which the 
evaporation is carried only to the point of saturation, do not require sub-di- 
visions in their systems of vats or covers ; but for the salt-rooms this is very 
desirable, and Dr. Goessmann recommends the following arrangement :— 
‘6 The vats are to be built in sub-divisions, with a perfectly even bottom, 
but slightly inclined towards the termination of the string. The first sub- 
division, next to the gypsum-rooms, ought to have the largest number of 
covers, the one following a less number, and the third, if the last, only one 
cover to every ten or twelve covers preceding in the whole string ; for 








BEPORT OF DR. T. STERRY HUNT. 237 


instance tho first division may have twenty covers, the second ten, and the 
third only three covers. These various divisions ought to be connected 
with each other by two or, better, three small gates, and the gates between 
the second and third divisions should be larger than those between the 
gypsum-rooms and the salt-rooms. These sub-divisions facilitate a proper 
division and economy of the salt pickle.” 

The vats or covers used at Syracuse have, as already mentioned, a uni- Balt-covers, 
form size of sixteen by eighteen feet, and while settling-vats are generally ns 
deeper, those of the gypsum and salt-rooms have a depth of six inches, four 
inches of which is filled with brine or pickle. This, in the salt-covers, is 
replaced, as it evaporates, by fresh supplies of pickle, a process which is 
repeated as often as the salt itself appears above the level of the pickle, 
and continued until a sufficient amount of salt has been formed for removal. 
The gathering of the solar salt usually takes place twice or three times 
during a season. The natural consequence of this system of working is 
that in proportion as salt is obtained from the pickle the soluble chlorids 
accumulate in the remaining portion. This accumulation would sooner or 
later be felt throughout the whole string of vats used for salt-making, par 
ticularly if they were built on one level, and supplied with new pickle with 
out certain precautions. Such conditions could not but interfere most 
seriously with the quality and quantity of the salt. Hence, as Dr. 
Goessmann emphatically says, the whole system of constructing and supply- 
ing the salt-vats during the season should be arranged so as keep the 
new pickle as much as possible separate from that which is old and 
partially exhausted. 

It is with this object in view that he recommends the arrangement of à mode of work- 
string of salt-covers in three successive sub-divisions, numbering, respect- “© 
ively, twenty, ten and three. With such a system “the supply of new 
pickle ought to be managed with the following precautions : First, draw as 
much of the remaining old pickle as possible from the second into the third 
division, then from the first into the second, and, finally, open the gates 
between the gypsum-room and the first salt-room, which is thus supplied 
with fresh pickle. Aim always at the most succ-ssful separation of the 
remaining old pickle before supplying the new. The last or lowest cover 
will thus, in the course of the season, receive almost all the inferior old 
pickle left from the previous charges of the string. The pickle thus accu- 
mulating there will be more or less highly charged with the chlorids of cal- 
cium and magnesium, and a few weeks trial in the next season will soon 
indicate the point where salt-making profitably ceases.” As already 
remarked, this impure or worthless pickle is much denser than saturated 
brine, and its value diminishes with the increased specific gravity, so that 
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Dr. Goessmann informs us that a brine marking 30° of Baume’s areometer 
is worthless for salt-making purposes. 

The site selected for solar salt-works should be on well-drained land, free 
from stagnant waters; the vats should never rest upon the earth, and 
should turn their open front towards the prevailing currents of air. 

As regards the sulphate of lime, the only foreign material present in any 
notable quantity in the brines of the Goderich region, it is to be remarked 
that it separates with the salt, during the provess of solar evaporation, in 
the hydrated form, as small needle-shaped crystals of gypsum, which fill 
up, more or less, the cavities in imperfectly developed crystals of salt, 
adhere to the outside of these, or are mixed, in a loose state, with the 
bulk of the salt. This latter condition “ enables the careful manufacturer 
to separate a considerable portion of the gypsum by subjecting the salt to 
a careful washing before harvesting it. An accumulation of a certain 
excess of sulphate of lime within the salt-vats, towards the close of the sea- 
Son, is almost unavoidable, and it is, for this important reason, very 
advisable to return the small-sized crystals of solar salt—for instance, the 
scrapings of the salt-vats—at the end of the salt-making season, to the gyp- 
Sum-rooms. This precaution will not only secure an additional return of 
a superior quality of salt, afterwards, but will leave the excess of sulphate 
of lime where it properly belongs ;” the yet unsaturated brine of the 
gypsum-room dissolving the salt, but leaving the gypsum behind. “To 
start the solar salt-making anew from time to time—for instance, every 
spring and fall before closing up the works,—is, on account of many 
advantages, very advisable.” 

The average amount of sulphate of lime in the solar salt of Syracuse, as 
calculated from the analysis of a good recently prepared pickle, need never 
exceed 1-5 per cent., which amount is considerably less than some of the 
best and most valued foreign coarse salts contain. The smaller quantity of 
sulphate of lime actually observed in the solar salt from the first gathering 
of the season, as well as in the coarser grained portion of the second crop, 
(from 1-815 to 1-316 per cent.) and the more or less increased propor- 
tion of it in the finer portion of the various crops, particularly in the last 
crop of the season, confirm the above statements. Its uniform distribution 
throughout the whole of every crop, remains, therefore, the sole object of 
the manufacturer. Sulphate of lime is generally not considered as inter- 
fering with the effects expected from good solar salt, yet being a matter 
foreign to salt, and apparently not directly promoting its specific action, a 
reduction of its proportion in salt should be sought, if for no other reason, 
for that of improving the appearance of the product. The means of 
effecting this has already been pointed out in the preceding paragraph, 
The proportion of sulphate of lime to 100 parts of the solid matters of the 
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Goderich brine is shown by the table on pages 284-35 to be considerably less 
than in the more dilute brines of Syracuse ; but the former, during concen- 
tration to the condition of a pickle such asis required for solar salt, deposits 
a considerable portion of the sulphate, so that in the pickle it amounts only 
to 1-54 per cent. ; while the Goderich brine, brought to the same condition, 
holds, on account of its greater purity from the noxious earthy chlorids, an 
amount of sulphate equal to about 2-0 per cent., or nearly as much as a pure 
Saturated solution of salt. From this it will be seen that, while free, to a 
remarkable extent, from the chlorids of calcium and magnesium, whose 
presence is so prejudicial, the Goderich brines contain of the sulphate of 
lime a somewhat larger proportion than the Onondaga salt. This compound,as 
already remarked, is however no way injurious to the quality of the salt ; 
in fact, the best Ashton and Turk’s Island salt contain rather more sulphate 
of lime than that of Syracuse. Itis, as already remarked, the earthy chlorids 
which not only injure the grain of the salt, render it liable to get moist in 
a damp atmosphere, but prove injurious to the flavor of butter, to which 
they impart a bitter taste. The presence of these in the ordinary salt of 
Syracuse having been recognized as impairing ita value for the uses of the 
dairy, the treatment of the boiled, and in some cases of the solar salt by a 
small portion of carbonate soda, as described on page 227, has been resorted 
to, producing what is known by the trade-mark of factory-filled salt, and, 
being entirely free from the earthy chlorids, is peculiarly fit for the salting 
of butter. It is said that while for any other purposes than for the preser- 
vation of butter the presence of small quantities of earthy chlorids is of 
little or no importance, a very small proportion of them suffices to impair the 
delicate flavor of butter. As our brines contain on an average only one- 
fifth or one-sixth as much of these objectionable compounds as those of 
Syracuse, it follows that with the same care in making the salt, either by 
boiling or by solar evaporation, a salt would be obtained a holding much less 
proportion of these chlorids than the ordinary salt of Syracuse, and 
scarcely requiring the subsequent chemical process which is there applied 
for their removal. 


ADVANTAGES OF THE GODERICH REGION FOR SALT-MAKING. 


The finding of salt at Goderich attracted, early in 1867, the attention 
of the Onondaga Company, and Dr. Goessmann, who was sent to examine 
and report upon the new discovery, visited the region for that purpose in 
June, and again in December 1867 ; his object being to verify the truth 
of the statement made in my Report, published in the spring of 1867, that 
the brine of Goderich was the strongest ani the purest known, and also to 
determine what were the facilities offered by that region for the manufac- 
ture of salt. In his Report thereon, addressed to the Onondaga Company, 
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dated January 1868, Dr. Goessmann thus sums up the result of his 
nination as to these two points :— 
The present brine of Goderich is not only one of the most concentrated 
#2, but also one of the purest, if not the purest, at present turned to the 
ufacture of salt.” After referring to the discovery of salt at Clinton, Dr. 
semann proceeds : “ Goderich possesses, in a high degree, all necessary 
itional resources and facilities for the manufacture of salt and its trans- 
ation to all the important commercial points in the western lakes, and 
herefore, the most formidable competitor which the salt-works of the 
2 of New York have ever yet had to contend with.” In confirma- 
of the statements made by me in preceding pages, I make the follow- 
citations from the Report in question, premising that they carry the 
itest weight, from te known scientific accuracy of Dr. Goessmann, and 
1 the fact that he has, as chemist to the Onondaga Company, devoted 
self for years to the study of the salt-manufacture :— 
thas been shown by the analyses on page 221 that on pumping the 
erich Company’s well the density of the brine fell from 100° to 95°, 
e the amount of. sulphate of lime increased. These changes were 
ady apparent when, in April, 1867, Dr. Goessmann received samples 
he brine and of the boiled salt for examination. His analysis of the 
er has already been given on page 221, II. He proceeds to remark : 
1e two samples of brine tested by Dr. Hunt and myself differ in 
agth by about 1.75 per cent. of salt. The difference in regard to the 
entage of gypsum, which effects but little the relative commercial 
e, may find a satisfactory explanation, ete. * * * The proportion 
ypsum obtained by myself is still somewhat less than that contained 
16 Onondaga brines. Comparing the results of both analyses in regard 
1e percentage of chlorid of sodium contained in the Goderich brine with 
known to be in the average of the brines of Onondaga, (about 16 
cent.) we notice that the Goderich brine in either case exceeds the 
ier by, about 50 per cent.fof salt, or more; while the proportion of 
»xious deliquescent chlorids contained in the Goderich brine amounts 
aly one-fourth or oné-fifth of that found in the brines of Onondaga.” 
A sample of boiled salt from the Goderich works gave as follows :— 












Chlorid of sodium... 97.0309 
Chlorid of calcium 0072 
Oblorid of magnesium. 0313 
14306 

1.6000 

100.0000 


This sample of salt, in a dried state, would contain not less than 98.5 
cent. of chlorid of sodium or pure salt. It ranks, consequently foremost 
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among the common fine salt (boiled) in the market. In the percentage 
of the deliquescent chlorids of calcium and magnesium, which are consid- 
ered the most obnoxious component parts of brine or salt, it compares most 
favorably with the best foreign and domestic salt. In fact the composition 
of the Goderich brine is such as to warrant, à priori, with but little care, 
a superior salt, common, fine and coarse. The commercial value of the 
brine of Goderich, in consequence of its superior purity as compared with 
the brine of Onondaga, is, judging from the previous statements, quite 
obvious. The Michigan (Saginaw) and Ohio River brines, I need scarcely 
add, have still less chance to compete on anything like equal terms.” 

‘<The salt,”’ he adds, further on, “ is, after separation from the pickle, 
as might have been expected from a brine like the Goderich, of a superior 
color, and of a hard and fine grain, resembling the best brands of home 
and foreign manufacture, and this result is attained without any but the 
ordinary care required for the manufacture of common fine salt. It wil 
be noticed that the sole objection which may be urged against the Goderich 
brine is merely incidental, for the brine is too strong to be worked to its 
full advantage by the system of manufacture at present pursued.” 


The low price at which English salt is imported makes it probable that Cost of making. 


the product of the Goderich region can scarcely compete with it in that part 
of the Dominion to the east of Lake Ontario, while the wells already sunk 
are probably more than sufficient to supply the remaining portion of the 
country. rom these considerations it would seem that the only chance 
for a further development of the salt resources of the Goderich region is 
be found in the United States market. The present duty on salt entering 
that country amounts, however, to twenty-four cents in gold on 100 pounds 
of packed salt, and eighteen cents on 100 pounds of loose salt, making it, 
upon the barrel of 280 pounds, $0.67. By a proper system of evapo- 
ration, either by solar heat, or by a more economical use of fuel, as has 
been already pointed out, Dr. Goessmann conceives that the net cost of 
the barrel of fine salt, the barrel included (which costs 30c.), should not 
exceed $0.70, while the freight from Goderich to Chicago would cost 10c. ; 
to this he adds for storage, landing, selling, etc., at Chicago, $0.214, 
making the cost of a barrel of fine salt from Goderich, delivered at 
Chicago, 81.684. This, at the price ruling in January, 1868, would 
leave a small margin for profit, which might be increased if the salt were 


shipped loose, and thus entered at a reduced duty. For this traffic the” 


position of Goderich, on the lake, and at the terminus of a railway, offers 
very great advantages ; and, but for the duty against which it has to con- 
tend, it seems probable that the salt region of Goderich, stretching, appar- 
ently, to Clinton on the one side and to Kincardine on the other, might, 
from the greater purity and strength of its brines, command the market of 
the north-western United States. 
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Table giving a comparison of different expressions 
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Sor the strength of Brine from zero to saturation. 





Salton, | Dogrecs: 
51 13.26 
52 13.62 
53 13.78 
54 14.04 
55 14.30 
56 14.56 
57 14.82 
58 15.08 
59 15.34 
60 15.60 
61 15.86 
62 16.12 
63 16.38 
64 16.64 
65 16.90 
66 17.16 
07 17.42 
68 17.68 
69 17.94 
70 18.20 
71 18.46 
72 18.72 
73 18.98 
74 19.24 
15 19.50 
76 19.76 
"7 20.02 
78 20.28 
79 20.654 
80 20.80 
81 21.06 
82 21.32 
83 21.68 
84 21.84 
85 22.10 
86 22.36 
87 22.62 
88 22.88 
89 23.14 
90 23.40 
91 23.66 
92 33.93 
93 24.18 
94 24.44 
95 24.70 
96 24.96 
97 28.22 
98 25.48 
99 _26.74 

100 26.00 


Specific 
gravity. 


1.095 
1.097 
1.100 
1.102 
1.104 
1.106 
1.108 
1.110 
1.112 
1.114 
1.116 
1.118 
1.121 
1.123 
1.125 
1.127 
1.129 
1.131 
1.133 
1.136 
1.138 
1.140 
1.142 
1.144 
1.147 
1.149 
1.151 
1.154 
1.156 
1.158 
1.160 
1.163 
1.165 
1.167 
1.170 
1.172 
1.176 
1.177 
1.179 
1.182 
1.184 
1.188 
1.189 
1.191 
1.194 
1.196 
1.198 
1.201 
1.203 
1.205 


Per cent. 
of Salt. 


18.11 
13.36 
13.62 
13.88 
14.13 
14.39 
14.65 
14.91 
15.16 
15.42 
15.68 
15.93 
16.19 
16.45 
16.70 
16.96 
17.32 
17.48 
17.73 
17.99 
18.26 
18.50 
18.76 
19.02 
19.27 
19.53 
19.79 
30.05 
20.30 
20.56 
20.83 
21.07 
21.33 
21.69 
21.84 
33.10 
22.36 
22.62 
22.87 
33.13 
23.39 
23.64 
23.90 
24.16 
24.41 
24.67 
24.93 
25.19 
25.44 
25.70 
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Grains of Salt | Gallons for a 
in one pint. | bushel of Salt. 


1047 
1070 
10923 
1116 
1137 
1160 
1183 
1206 
1229 
1253 
1276 
1299 
1322 
1346 
1370 
1393 
1417 
1441 
1465 
1489 
1613 
1538 
1562 
1587 
1611 
1636 
1661 
1686 
1710 
1736 
1761 
1786 
1811 
1837 
1862 
1888 
1914 
1940 
1966 
1993 
2018 
2045 
2072 
2098 
2124 
2151 
2178 
2205 
2232 
2269 


LT = 


46.6 
45.6 
44.7 
43.8 
42.9 
42.0 
41.2 
40.4 
39.7 
38.9 
38.2 
37.5 
36.9 
86.2 
35.6 
86.0 
84 4 
33.9 
33.3 
82.7 
82.3 
31.7 
31.2 
30.7 
30.3 
29.8 
29.4 
28.9 
28.6 
28.1 
27.7 
27.3 
26.9 
26.5 
26.2 
25.8 
26.5 
26. 1 
24.8 
24.5 
34.2 
23.8 
23.5 
23.2 
23.0 
22.7 
22.4 
22.1 
21.8 
21.6 
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3 preceding table is extracted from Professor Alexander Winchell’s 
‘ton the geology of Michigan, published in 1861. An abstract of 
\ given in my Report for 1866, but it has been thought advisable to 
ot it at length as a guide to our salt-manufacturers. Pure water 
ves at ordinary temperature a little over one-third its weight of salt, 
m thirty-five to thirty-six hundredths. The amount varies somewhat 
he temperature, and the results of different experiments are more- 
aot perfectly accordant, but from the most accurate observations it 
rs that 100 parts by weight of pure saturated brine, at temperatures 
82° to 70° F., contain from 26:8 to 26-7 parts of salt. Some 
r determinations however, gave but 25-7 parts, and upon this figure 
ble was calculated. . : 
> specific gravity of a saturated brine at 60° F. is 1-205, pure 
being 1,000. The salometer employed in many salt-works for 
the value of brines is an areometer with an arbitrary scale divided 
00 parts. The density of pure water on this scale is represented 
, and that of saturated brine by 100° ; each degree of the salometer, 
ore, corresponds very nearly to one-quarter of one per cent of 
The areometer or hydrometer of Baumé has also an arbitrary scale, 
is an instrument in common use and may conveniently replace the 
ster. In the following table the true specific gravity, with the corres- 
ig degrees of the salometer, and of the hydrometer of Baumé are given 
first three columns. The succeeding columns give the percentage 
t ina pure brine for each degree of the salometer, the number of 
‘of salt to the wine pint of 86-625 cubic inches, and the number of 
8 of such brine required to yield a bushel of salt, weighing 56 pounds. 
latter numbers are based upon the supposition that a saturated brine 
ns only 25-7 per cent of salt, but if we take into account the effect of 
1all quantities of earthy chlorids and other impurities which ordinary 
contain, they will be found not only sufficiently accurate for all 
ses but nearer the truth than if based upon the composition of a 
tly pure brines. 
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II. IRON AND IRON ORES. 


The iron ores of Canada have been described at eonsiderable length in ot 


the Geology of Canada, in 1863, and the Report for 1866 contains farther * 
notices of those found in the county of Hastings, with details as to former | 4 
experiments in working them, on pages 98-103 and 107-113 ; besides 1 
notices of localities on the Ottawa, at page 20, and an account of the mode 


of their occurrence among the Laurentian rocks, which will be found on » 
pages 214-216 of the same Report, ; 
The principal iron ores of Canada are, Ist, the magnetites and hema- C'assification, _ 
tites of the Laurentian and Huronian systems ; 2nd, similar ores in the 
Quebec group, in the Eastern Townships of the province of Quebec; 3rd, 
the bog ores or limonites of recent origin ; and 4th, the iron sands, to which 
attention has recently been called. In the above enumeration the provinces 
of Quebec and Ontario are alone included ; the iron-deposits of the pro- 
vinces of Nova Scotia and New Brunswick will be made the subject of 
future study. It is proposed in the present report to call attention to 
some facts in the history of the first and the last of these four classes, and 
to give the results of some analyses of these ores. 
The iron ores of the Laurentian system are, for the greater part, of the 
' magnetic species, and are similar in geological relations and in mineralo- 
gical characters to the ores which occur in the same system in northern 
New York, and in the Highlands of southern New York and New Jersey, 
where they have long been mined to a great extent. Similar ores, more- 
over, abound in Norway and Sweden, where they occur in rocks of the 
same age, and furnish great quantities of very pure iron, which is famous 
throughout the markets of the world. Having had opportunities at the 
Exposition at Paris, in 1867, to learn many facts about the iron-industry of 
these countries, I have thought it would be well to embody some of them 
in the present report, as likely to prove valuable to the mining interests of 
the Dominion. A large portion of both Norway and Sweden is occupied Ores of Norway 
by où gneisses of the Laurentian system, which also comprise the greater | 
part of the provinces of Ontario and Quebec. This geological resemblance, 
with somewhat similar conditions of soil and climate, gives to any facts 
relating to the mineralogy and metallurgy of those northern regions, a special] 
interest to the people of Canada. , 
In the year 1865, according to official data, there were extracted in 
Sweden 492,474 tons of iron ore, employing 5,062 workmen. The mines 
or openings from which this amount of ore was raised, are stated to be 524 
in number, and some of them are evidently worked on a very small scale. 
The workings are ordinarily by open cuttings upon the beds or masses of Working, 
ore, which are described as being very generally in a nearly vertical atti- 
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tude, and m solid crystalline rock, requiring but little support by tim- 
bering. The mineral is mined with powder, although nitro-glycerine has 
been tried to some extent. The pay of the workmen ranges from thirty to 
fifty cents per day, and the cost of the ore, when raised, is said to vary from 
one to two dollars for the ton of 1000 kilogrammes (2205 pounds avoirdu- 
pois). With the exception of a small quantity carried into Finland, the 
whole of this ore is smelted in the country. The production of iron ores 
in Norway is much less than Sweden; about 22,000 tons are raised 
annually, of which 2500 tons are exported, the remainder being smelted 
in blast-furnaces with charcoal. At one of the most important of these, 
that of Laurvig, where a remarkably fine iron is made for the American 
market, the cost of the ore at the furnace is stated at $1.80 the ton. 

In Sweden, and in Norway, charcoal is the only fuel employed for the 
reduction of the iron ores, except in some rare instances, where a mixture 
of charcoal and dry wood has been used in the blast furnace. Careful 
trials, however, appear to show that this admixture offers no advantages 
over the use of charcoal alone. About one-third of the surface of Sweden 
is covered with forests, which constitute an important source of wealth to 
the country, and of late years have been the object of care and attention, 
with a view to a due economy of fuel and lumber. The trees of the Swedish 
forests, with the exception of the southern peninsula, where oak and 
beech are met with, are chiefly of coniferous or soft-wooded species, and 
the pine of the country (Pinus sylvestris) is the one principally used for 
metallurgical purposes, the timber being sawn or hewn for lumber, while 
the branches are employed for the manufacture of charcoal. The wood is 
cut in the months of March and April, before the rising of the sap, and is 
divided into lengths of about eight feet, which are allowed to dry during 
the summer months. The charcoal-burning takes place in October and 
November, and is generally carried on in circular piles about twelve feet 
high and from twenty to thirty feet or more in diameter. The burning of 
a pile lasts from two to three weeks from the time of kindling. Expe- 
rience has shown, in Sweden, that the economy is much greater when the 
wood is laid upon its side in the piles than when placed on end. In the 
latter case the yield of charcoal is from 60 to 62 per cent. of the volume of 
the wood, while in the former it is not less than 70 per cent. According 
to a Report to the Swedish Minister of Agriculture, Commerce and Pub- 
lic Works, published in 1866, the average cost of labor for a pile yield- 
ing from twelve to thirteen tons of charcoal, is 84 francs, which is equal to 
about $1.30 for the ton of 1000 kilogrammes. This price includes the 
cutting and drawing of the wood. 

The cubic meter or stere of 35°317 cubic feet of pine charcoal in Sweden 
weighs from 142 to 145 kilogrammes, 80 that the ton of 1000 kilogrammes 
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(2205 pounds) would measure very nearly 7 steres, or 247 cubic feet 
and the weight of the cubic foot of charcoal would be a little over 4 kilo- 
grammes, or 8.8 pounds, nearly. According to figures given by Grill, 
however, (Percy, Metallurgy of Iron, page 596) a ton of the charcoal 
used in the Lancashire hearths, in Sweden, measures not less than 297 
cubic feet. In the American iron-regions charcoal is bought and sold by 
the bushel, which is an arbitrary measure of about five pecks, equal, 
according to Overman, to 2600 cubic inches, and according to Osborn to 
2675 cubic inches, (the United-States standard, or Winchester bushel, 
measuring 2150.42 cubic inches.) Taking the latter figure, we find that 
the American charcoal-bushel of Swedish pine-charcoal would weigh a 
little over 18.5 pounds avoirdupois. 

The experiments of Francois, in the Pyrennees, give for the weight of the 
cubic meter of charcoal of beech and oak, from 218 to 235 kilogrammes, 
that of alder being 141, and that of pine and spruce from 152 to 173. He 
deduces as the mean for hard-wood charcoal 227, and for soft-wood, 170 
kilogrammes, corresponding respectively to 21.9 and 16.4 pounds avoir- 
dupois for the charcoal-bushel as above. (Jules Frangois, Des Min- 
erais de Fer, ete., page 177.) The elaborate studies of Mr. Marcus 
Bull on the charcoal from North American woods, give the following as the 
weights, in pounds, of a bushel of dry charcoal from these kinds, among 
others: red cedar 12.52, white pine 15.42, yellow pine 17.52, white 
birch 19.15, and several varieties of maple and oak from 21 to 28 pounds.* 
This last is confirmed by the observation of Mr. Kennedy, at the Hull Iron- 
works, who informed me that a bushel of mixed beech and maple, such as 
there used, weighed from 22 to 23 pounds. 

The cubic meter is equal to about 22.8 charcoal-bushels of 2675 cubic 
inches, and the price of the cubic meter of charcoal, which reaches at some 
furnaces, $1.30, is on an average, in Sweden, 85 cents, or about 
four cents the bushel. At the iron furnace of Laurvig, in Norway, the 
cost of good charcoal is said to from to 60 to 70 cents the cubic meter. 

In a few localities in Sweden, where water-courses afford facilities for 
floating the wood to the furnaces, the charring is effected in ovens of a 
peculiar construction, furnished with an arrangement for condensing the 
acid and tarry products given off during the process. The plan of one of 
these furnaces, shown at Paris, in 1867, was similar to that figured by Dr. 
Percy, on page 125 of his first volume on Metallurgy, in which will be 
found discussed in great detail, the whole subject of charcoal-burning, 
on pages 107-142. 


© These results were pnblished in the Transactions of the American Philos. Society, 
for 1826, new series, pp. 1-60, and are reproduced in the American edition of Knapps 
Technology, i, 24. 


? Weights of 
charcoal. 


Cost of coal. 
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cannon, according to Rinman, a very strong metal is obtained by adding 
to the charge a small amount of sulphuret of iron, and in general for this 
purpose a charge is preferred free from phosphorus, but somewhat sulphn- 
rous. The sulphur causes a larger proportion of carbon to remain in a 
combined state ; a very tenacious mottled cast iron is obtained, holding 
about 0.09 per cent of sulphur, and the quantity may even rise to 0.30 
or 0.50 per cent. The use of sulphurous ores, according to Rinman, like 
that of manganesian ores, enables us to obtain white iron when the furnace 
is running at its ordinary rate, and without any overcharge of ore. 

Phosphorus, in like manner, though it renders wrought iron cold-short, 
gives to it a hardness which renders it peculiarly valuable for some 
purposes, as for boiler-plates, roofing-sheets, spades, shovels and hoes, and 
other utensils which are exposed to severe wear. In the metal for these, 
at least 0.1 per cent of phosphorus, and in that for fine castings as much as 
0.5 per cent, is considered advantageous, as contributing in the latter case 
to give greater fusibility and fluidity to the melted metal. But for the 
manufacture of steel, phosphorus seems to exert a highly prejudicial 
influence, and it appears from carefully-made analyses of Swedish irons, 
that their value in the Sheffield market, where their relative fitness for the 
manufacture of steel has been determined by experience, is, as shewn by 
Rinman, directly in proportion to their freedom from phosphorus. 

The amount of phosphorus in the ores of Dannemora, Bispberg, and 
some other of the Swedish mines does not exceed 0.005 per cent., while in 
some others, as Gellivara and Graengesberg, it rises to 1.3 and even 2.0 per 
cent. Some of these ores, like similar ores in northern New York, contain 
imbedded grains of phosphate of lime or apatite. It is, however, to be 
remarked that the whole of the phosphorus in the charge does not pass 
into the ores, and moreover, that the proportion of this element varies in 
different parts of the deposit, so that by a judicious admixture of the 
phosphuretted with purer ores, the resulting cast iron will not contain 
more than 0.15 per cent. of phosphorus, which does not render it unfit for 
ordinary uses. 

Manganese is also conceived to exert an important influence, in more 
ways than one, upon the quality of iron. The Swedish ores not unfre- 
quently contain a portion of this element, and when absent from any ore 
it is sought to be supplied by mixtures containing manganese. While the 
greater part of it passes into the slags, a certain portion remains in the cast 
iron, and to its presence it is customary to ascribe a peculiar fitness in the 
resulting malleable iron for the manufacture of steel. It is, however, 
remarked that manganese is often wanting, without any observed inferior- 
ity in the cast iron. 

The presence of titanium, and its influence upon iron, is a subject which has 
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of late been very much debated. While claimed by Mr. Mushet, and some 
others, to exert a special and most beneficial influence on the quality of 
steel, this is denied by others. When ores containing titanium are smelted, 
a small portion of this element, amounting in some cases to a little over 
one per cent., passes into the cast metal, and is said to increase its strength, 
besides giving it a peculiar mottled aspect. It seems, however, “ doubtful 
whether any titanium remains in the bar iron or steel made from such pig 
iron, 80 that the improvement attributed to the use of titaniferous ore is 
probably due to some indirect action, rather than to the actual presence of 
titanium in the finished product. The evidence on this point is not suf- 
ficiently clear to allow of any positive conclusion being formed.” To the 
above statement of Bauerman, I may add that I have failed to detect any 
titanium in bloom iron made by the direct method from an iron ore con- 
taining 16 per cent. of titanium, which will be described further on. 

Some remarks upon the composition and the results of analyses of the 
Swedish ores may not be without value, as serving for comparison with the 
iron ores of Canada. The iron, both of Sweden and of Norway, is made, 
with but few exceptions, from ores of the magnetic species. That of the 
famous Dannemora district, which supplies a great number of blast-fur- 
naces, and produces an iron regarded as superior to all others for the manu” 
facture of steel, occurs as an irregular interrupted belt, a mile and a half in 
length, which is imbedded in crystalline limestone, with a kind of petrosili- 
cious rock, and has been mined to a depth of more than 100 fathoms. The 
composition of different portions of the deposit presents considerable varia- 
tion. Average specimens from one of the most important masses, sent to 
the Paris Exhibition in a roasted state, as prepared for the furnace, showed 
considerable admixtures of silica, lime and magnesia, with some alumina. 
The sum of the united protoxyd and peroxyd of iron for these two ores, was 
respectively about 54 and 68 per cent., equalling 88°5 and 48:6 per 
cent of metallic iron. These two ores were almost destitute of sulphur 
and phosphorus, and had the advantage, when mixed, of yielding 
a fusible slag without the addition of any limestone for flux. Others 
of the Swedish ores are much richer in iron than these, while others, 
still, are Yery much poorer. Thus, at Taberg, an ore is mined, which 
consists of magnetic iron disseminated through a serpentine, (sometimes 
described as a diorite), the magnetic oxyd constituting not more than one 
half of the mass. This ore, which contains at the same time, from 
6 to 10 per cent. of titanic acid, yields only about 25 or 30 per cent of iron. 
It is melted with about one-fourth its weight of limestone as a flux, and 
gives a white mirror-like cast metal, which yields an iron much esteemed for 
wire-drawing. Fuel being cheap in the neighborhood, this ore is exten- 
sively mined and smelted. Bauerman states that attempts were made to 


Titanium. 


Dannemora 
ore. 


Taberg ore. 
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re, previously dressed so as to yield 43 per cent of iron, but for 
e it was necessary to bring it to such a finely divided condition, 
judged better to smelt it in its natural state, the expense due 
ased consumption of fuel, being counter-balanced by greater faci- 
itment. Besides this of Taberg, other similar ores have long 
ad in Norway and in Finland. The ore from the Cristine mine 
6, in southern Norway, is described as a brilliant black titanife- 
#ite, not very strongly attracted by the magnet, and intermixed 
of quartz, and of greenish-black hornblende, with a little magne- 
It contained no phosphorus, but gave by analysis 42.0 per 
tallic iron, besides 15.10 of titanic acid and 19.9 of silica, with 
1ount of earthy bases. Inasmuch as many of our Canadian 
ore or less titaniferous, the following notes with regard to the 
is and other titaniferous ores are of much interest. They are 
rom a communication by Mr. David Forbes, in the Chemical 
December 11, 1868. 
cperience of the Scandinavian iron-masters has shown that the 
ion to the use of titaniferous ores is that they are found to be 
ictory in the blast-furnace, in proportion as they contain 
percentage of titanic acid; and if much titanium is present 
‘e a so much larger amount of charcoal to smelt them as not to 
r employment profitable in a country where other ores free from 
in be obtained at a reasonable rate. After considerable expe- 
melting the ore of Krageroë, which yielded a very good iron, it 
unprofitable to smelt it alone, for the above reason ; but its use 
beneficial when employed in about equal proportions with the 
of the district, which were free from titanium.” Mr. Forbes 
is experience, that by employing a mixture of crushed quartz and 
w a flux, when the proportion of titanium in the ore did not 
ht per cent, or was reduced to this amount by admixture of 
rom titanic acid, no difficulty was experienced in working this 
7 and profitably. The iron produced was free from phosphorus, 
: trace of sulphur, and only 0-05 of titanic acid, which was sup- 
e mechanically present rather than chemically combined with the 
ther very similar ore from Eger, which contained 88-89 per 
ron and 7-10 of titanic acid, was found to contain too much 
d phosphorus to be fit for bar iron, but yielded a good foundry-pig 
ch gave by analysis 0-26 of titanic acid. When smelted alone it 
tory, and did not yield a liquid slag, but it was readily fused when 
at Krageroë, with ores destitute of titanium. 
>erience of the iron-masters in New York, who have endeavored 
1e titaniferous ores of Lake Champlain, generally in admixture 
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with other ores, has been very unfavorable, but an attention to the above 
suggestions might probably enable them to overcome the difficulties hitherto 
encountered. Besides the great bed of ore at Bay St. Paul, holding 
nearly half its weight of titanic acid, Canada has large deposits of ores 
containing more or less titanium, some of which will be described farther 
on. In the Geology of Canada, page 501, I have shown that a massive Titanic ores. 
granular titaniferous ore from St. François, on the Chaudière, in the pro- 
vince of Quebec, consists of a mixture of about two-thirds of nearly pure 
magnetic oxyd of iron, and one-third of a titanic iron or menaccanite hold- 
ing not less than 48 per cent of titanic acid. The two are, however, 
readily separable by a magnet, and it is probable that by a magnetic 
separating machine it will be possible to make use of this and of similar 
ores for the preparation of iron in the direct way, to which the purified 
magnetic oxyd is well adapted. The iron sands, which contain a large 
admixture of titanic iron, will be noticed in their place. 

In this connection I quote from Osborn’s recently published volume on 
the Metallurgy of Iron and Steel, page 475, the following statements, which 
he gives as a communication from a Mr. Henderson, ‘according to whom an 
ore from Norway, holding over 40 per cent of titanic acid, is now suc. 
cessfully smelted at Norton, in England, by a process patented by Player 
of New York. The ore is said to be smelted in small furnaces, with a 
blast at 1000° temperature ; 2 tons of coal being required to 2% tons of 
the ore, with 15 cwt. of limestone, and about 10 cwt. of basalt. The 
pig-metal thus produced is stated to contain very little carbon, and to be 
very easily puddled, producing a malleable iron of great tensile strength. 
Such ores are necessarily poor in iron, as compared with magnetic ores, 
and even if they can be readily smelted by the above treatment, it 
remains to be seen whether their use offers any real advantage. 


ANALYSES OF SOME IRON ORES. 


The bed of magnetic ore, which has long been known at Hull, is des- 
cribed in the Geology of Canada, page 674. The association of a portion 
of a red hematite with the magnetic ore, and of graphite with both, is des- 
cribed in the Report of the Survey for 1866, p. 216. Since then a large Hull, Ontario. 
blast-furnace has been erected here, which for some time produced a 
superior quality of pig-iron; but the working has been since abandoned, 
the economic results not being satisfactory. The two samples whose analyses 
are here given had been prepared for that purpose by Mr. Kennedy, the 
director of the works, and selected so as to represent the average of the 
ore smelted. One of these, designated at the furnace as the red ore, was 
colored by an admixture of hematite, while the other was known as the 
black ore. The red ore gave as follows :— 
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66.20 
17.78 


Peroxyd of irou. 
Protoxyd of iron. 
Oxyd of manganese 








À =motantic iron 88.10. 





black magnetic ore of Hull contains a considerable amount of silica, 
ar with a portion of a hydrated silicate of iron and magnesia, which 
the ore to yield an olive-brown powder. When the magnetic 
is removed from the pulverized ore by a magnet, there remains a 
srable proportion of dull olive-colored earthy matter, which gives a 
‘own streak, and is readily attached by hydrochloric acid, with sepa- 
of flocculent silica. In the following analysis of an average sample 
ore the whole was treated together, and all of the iron is represented 
metic oxyd. Neither of the ores from Hull yielded any titanic acid, 
e black ore contained neither lime nor manganese. It gave 


Magnetic oxyd of iron. 13.90 = metallic iron 53. 20. 





Magn 1.88 
Alomini +61 
Silica . 20.27 
Water. 3.27. 
Phosphoru: +027 
Sulphur... +085 
100.042 


height of the Hull blast furnace is 38 feet, its diameter at the 
being 102 feet, and at the throat 4 4, feet; the twyers are six in 
ar. The charge at the time of my visit, in August 1868, consisted of 
hels of hard-wood charcoal, 450 pounds of the above ores, previously 
sd, and mixed in equal proportions, and 110 pounds of flux consisting 
e crystalline limestone 65, clay 27, and silicious sand 18 pounds. The 
e was then yielding gray pig-iron, at the rate of 56 per cent for the 
aile the consumption of charcoal for the ton of metal, was 170 bushels. 
ras made from beech and maple, and as I was informed by Mr. 
‘dy, weighed from 22 to 23 pounds to the bushel, being at the rate 
or 85 cwt. of charcoal to the ton of iron. 

furnace was for a time in blast in 1867, and for a longer period, 





REPORT OF DR. T. STERRY HUNT. 255 


in 1868. By the kindness of Mr. Phillip S. Ross, the secretary to the 
Canada Iron-Mining and Manufacturing Company, I have been furnished 
with a statement of the working results during that season. Wor 
The furnace was in blast from April 27 to October 5, 1868, or 163 
days, during which time there were consumed as follows :— 


Hull or@.ccscccccccccccccsescccscssene 183533 tons. 
Arnprior (MoNab) ore....,...sssosses ee 60,4; tons” } 1896 tons. 
Scrap irom.... scccccccsssccccncscsccceecsscseeesceens Ts * 
Limestone (clay and sand not estimated)................ 211 = 
Charcoal, soft wood at 410.0... 133.673 bushelg 
“6 hard wood at 8c. ....c.ceeees 95.947 ‘! è 242,782 bushels. 
“6 mixed wood at 51c.......0: 13.262 ‘! 
Wood at $1.25... cas cence cccnrsccccccceveccvessece 253 cords. 
Peat, 80 tons, yielding of coke..........es.ossensssevese 2144 tons. 
Pig iron produced....cscccccccccesnccccccssesveseerens 1,0402 “ 


The cost of the iron thus produced was as follows, per ton :— 





For ore, fuel, and wages of men... soso $22.60 
Salaries and general expenses.......,........s..ses.sue 3.10 
Cost of a ton of pig iron at Hull,.........05 seccsccccces $26.50 


If we deduct from the total amount of metal produced, the scrap iron 
added, we obtain, as the average results during the season of 1868, the 
following figures :— 


Daily production of pig from...o..ceccccccccssscvcnseces 64 tons. 
Yield of ore per tom..ceccrscccccccesccccsccccccccceces 54.5 per cent. 
Charcoal consumed per ton of i iron (at 5y7f, cents.)........ 235 bushels. 
Peat-coke  ‘ ree rr 47 pounds. 


If we leave entirely out of the account the amount of peat-coke, and take 
the average weight of the charcoal at 18 pounds to the bushel, we shall 
have a consumption of 874 cwt. of charcoal to the toy of iron, while, with 
hard-wood charcoal, there were consumed, as above, from 84 to 85 cwt. 
In Sweden, according to Bauerman, the average consumption of charcoal, 
for the whole country, is from 16 to 17 cwt., for the ton of white or mottled 
pig iron, and about one-third more, or from 21 to 22 cwt., for the ton of 
gray metal suitable for foundry purposes or for Bessemer steel. At 
Langshytta, the consumption is as low as 134 to 14 cwt., for the produc- 
tion of white or mottled iron, while the very poor ores of Taberg, already 
referred to (page 251), where the charge contains only 20 per cent of 
iron, require as much as 50 or 60 cwt. of charcoal per ton. 


American 
turnaces. 


Hall iron. 
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At the Greenwood furnace, near Marquette, on Lake Superior, is a 
charcoal furnace in which the unroasted ores of the region are smelted 
with a little crystalline limestone for flux, and yield 55 per cent of iron. 
To produce a ton of gray pig iron are consumed 140 bushels of charcoal, 
chiefly of maple, weighing from 16 to 20 pounds each, or about 23 cwt. of 
charcoal. At the Wyandotte works, near Detroit, where the red slaty 
hematite of Lake Superior is smelted, and yields on an average 65 per cent 
of iron, there are consumed 140 bushels of soft-wood charcoal, weighing 
14 pounds to the bushel, or 174 cwt. to the ton of iron. (Bauerman, 
Metallurgy of Iron, p. 206). The recent returns from American blast- 
furnaces, published By Prof. Egleston, of the School of Mines, New-York, 
show that while many American charcoal-furnaces are still working in a 
very wasteful manner, the consumption of charcoal in some in New York 
and Michigan, is as low as 100 and 105 bushels. At the large blast- 
furnaces of Port Henry, on Lake Champlain, where magnetic ores similar to 
that of Hull are smelted with anthracite coal, the average consumption is 
from 1.10 to 1.14 tons, equal to 22 or 23 cwt. of anthracite to the ton of 
pig iron. 

With these facts before us, it is clear that the rich ores of Hull, with 
proper management, should be smelted with 22 or 23 cwt. of charcoal, — 
instead of from 35 to 38 cwt., the quantity actually consumed. This 
alone is sufficient to explain the failure to produce iron profitably at Hull, 
where the supply of rich ore is abundant, and the quality of the iron 
made was excellent. 

It is evident from the analyses of the ores above given that the addition 
of sand and clay to the charge was unnecessary, and that limestone alone, 
in proper proportion, would have been sufficient for the purposes of a flux. 
A series of samples of pig iron made at the Hull furnace, was taken by 
me for analysis, but the results not being yet complete, are reserved for a 
future report. It may be stated however that a sample of the white iron 
made with a mixture of peat-coke and charcoal, contained 0.085 of phos- 
phorus and 0.28 of sulphur. This amount of sulphur may be due to the 
considerable proportion which, in the form of sulphate of lime, I have 
found in the ashes of some Canadian peats. 

St. Maurice.—In the well known blast-furnaces of Messrs. McDougall at 
St. Maurice, near Three Rivers, in the province of Quebec, where the 
bog ores of the region are smelted with a hot blast, the charge consists 
of 500 pounds of ore, with 25 pounds of limestone, and 16 bushels of 
mixed charcoal. The results for the month of December, 1868, showed a 
consumption of 26,272 bushels of charcoal and 872 tons of ore, with a 
yield of 1632 tons of iron, of which about eleven-twelths were soft grey 
pig. This gives a production, for the ore, of 43 per cent of iron, with a 
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consumption of 161 bushels of charcoal to the ton. 
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The results’of several st. 


analyses of the ores of this vicinity, made by me in 1852, are given in 
the Geology of Canada, page 511, and show them to contain more or 
less manganese, and a considerable proportion of phosphates. Theana- 
lysis of a specimen of grey pig iron made at St. Maurice, in 1868, gave 
me the following results for 100 parts. 


Iron... 
Graphite 
Carbon, combined . 
Sulphur... 
Phosphorus. 
Silicon. 
Manganese 













. not determined 

2.820 
+ 1.100 
.025 
450 
-860 
1.240 


The average produce of the St. Maurice forges is about eight tons of 
iron daily, which is employed for foundry purposes, and is much esteemed 
for railway wheels. Some four years ago, a small quantity of wrought 
iron was manufactured from it, in a hearth-refinery, but the quality of the 
product was somewhat irregular, and the manufacture was abandoned. 
It is proposed, in a subsequent report, to give the results of farther studies 


of these and other irons. 


South Crosby. A large deposit of magnetic iron ore is found on an 
island in Mud Lake, on the Rideau Canal, in the township of South Crosby, sou 
and not far from Newborough. (See Geology of Canada, page 674.) ° 
Considerable quantities of this ore have been mined, and shipped P itts- 


burg, and to Chicago, for use in puddling furnaces. 


This ore, however 


contains, besides an admixture of chloritic matter, a considerable proportion 
of titanum, and more or less sulphur in the form of disseminated grains of 


pyrites. 


The specimen selected for examination was from a large block 


sent to the Museum of the Survey, by the Messrs. Chaffey, some years 


since. 


Its analysis showed the presence of considerable amounts of 


alumina, magnesia and water, which belong to the intermingled chloritic 
mineral. The iron is calculated as magnetic oxyd, although a portion, 
uncertain in amount, doubtless exists as protoxyd, in combination with the 
titanic acid, and with silica, besides that which enters into the composition 


of the sulphuret of iron present. 


Sulphur .. 





An average sample yielded as follows ; 


69.77 = metallic iron 50.23. 
9.80 
4.50 
5.65 
7.10 
2.45 
.085 
1.520 = pyrites 2.85. 





100.875 
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analysis of another portion of this ore, by Dr. A. A. Hayes of Boston, 
1.49 of sulphur, 5.04 of silica, 4.42 of magnesia, and 16.45 of titanic 
When the pulverized ore is treated with a magnet, it is partially 
2d, the non-magnetic portion retaining the sulphur, and a large part 
> titanum. The magnetic portion equalled 74.2 per cent, and con- 
| 54.76 per cent of metallic iron and 5.70 of titanic acid. 
rth Crosby. A specimen of iron ore examined from what is said to 
large deposit on the land of Hon. George W. Allan of Toronto, 
right crystalline magnetite, free from any visible trace of pyrites, and 
ining but a small amount of sulphur. Its analysis gave 










Magnetic oxyd of iron. 90.14 = metallic iron 64.90. 

Titanic acid.. 1.03 
Oxyd of manganese traces, 
i 1.33 

-82 

+84 

5.25 
007 
Sulphur... .120 
99.537 


2 protoxyd and peroxyd of iron in this ore were separately determined, 
and to be exactly in the proportions required by theory for the 
etic oxyd. The insoluble residue was chiefly white quartz, with a 
black mica and green pyroxene; it was found in another specimen 
1al 10.80 per cent. This is a very fine and valuable ore, and the 
it would seem to be worthy of careful examination. 

Imont. The great deposits of iron ore at Belmont have been des- 
Lin the Geology of Canada, page 676 and in the report for 1866, 
100. Since that time, extensive mining operations have there been 
don, and the ore has been shipped to Pittsburg, Pennsylvania. Much 
8 was found objectionable, on account of the considerable proportion 
phur which it contained, but an exeavation made in the immediate of 
rmer workings, and on what is called the Sand-pit bed, has yielded a 
purer ore, to which reference is made in Mr! Vennor’s Report in 
olume, page 161. I obtained, by crushing several fragments of the 
aken from a pile at the furnace of Messrs. Shoenberger & Blair, in 
urg, Pennsylvania, what seemed an average sample. It was reddish 
an admixture of hematite, and yielded 


72.80 = metallic iron 52.41. 





Magnetic oxyd of iron... 
Magnesia....... 
Lime.... 
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Carbonate of lime... ..ccccccscecccccccvccns 2.40 

“ 66 MAGNESIA. ccccceccecccceveccs .84 
Water .cccccceccccsscccvccscccsecseccasce 3.50 
Insoluble... 2.0 ccccscccecscccscsccssecscnes 14.73 

- Phosphorus... ..ccccccccceseccccsccessesees 035 
Sulphur....ccccccccccccccccuscccseveceves 027 
101.142 


The analysis of another sample of the Sand-pit ore gave of metallic iron 
48.99, water 8.65, carbonate of lime 8.08, carbonate of magnesia 0.48, 
and insoluble residue 16.52. The carbonates were removed, in both 
analyses, by acetic acid. The ore contains a considerable admixture of a 
magnesian silicate decomposable by hydrochloric acid, so that the inso- 
luble residue contains a proportion of soluble silica, which, in the second 
analysis here given, was equal to 4.25 per cent. The remainder was a silicate 
of magnesia, iron and a little lime, approaching to pyroxene in composition. 
The determinations given in this paragraph are by my chemical assistant, 
Mr. Gordon Broome. 

Madoc. The Seymour ore-bed in Madoc is described in the Geology of Madoc. 
Canada, page 675, and is further noticed in the Report for 1866, page 98. 
It was formerly mined and smelted to a small extent, and is a fine grained 
magnetite, free from pyrites. The analysis gave me | 


. Magnetic oxyd of fron... .cccosccrcccacsece 89.22 = metallic iron 64.23. 
Insoluble... .scocccecccsccceacccssssvesecce 10.42 
Phosphorus... .cccscccecsccsccscccrsccsecs .012 
Sulphur.... ccc ceccrecccecscccscvccccres .073 
99.725 


The solution of the ore in hydrochloric acid held neither lime nor man- 
ganese. The insoluble residue was decomposed by heating with a mixture 
of fluorid and sulphate of ammonium, and gave magnesia 17.15, lime 11.01, 
protoxyd of iron 11.95, silica, by difference, 59.89. This is the compo- 
sition of actinolite, a mineral which is occasionally found in radiating 
masses in the midst of the ore. 

McNab. The hematite of McNab is described in the Geology of menap. 
Canada, page 677. It has been mined to some extent, and shipped to the 
United States, and was also used in a small amount at the Hull iron- 
furnace in 1868, as already described. It is a purplish-red compact or 
finely crystalline ore, and holds small quantities of silicious matter and of 
carbonate of lime irregularly disseminated. An analysis by me made in 
1847, and cited in the Geology: of Canada, gave peroxyd of iron 84.10, 
carbonate of lime 8.80, silica 4.00. A more complete analysis of another 
specimen has since given me as follows : 
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Peroxyd of iron... + 84.42 = metallic iron 59.09. 





Carbonate of lime. 5.40 

“ 1.05 

Insoluble. 1.16 
Phosphorus +030 
Sulphor .. 065 
99.125 


Gros Cap, Lake Superior. The deposit of hematite which occurs at 
tros Cap, on the north side of Michipicoten Harbor, has been described by 
Ir. Macfarlane in the report for 1866, page 130. A specimen of the ore, 
elected by him, was submitted to analysis, with the following results. 










Peroxyd of iron ++ 86.80 
Insoluble. 12.75 
Phosphoru traces. 
Sulphar.. +092 
99.642 


This ore contained no lime, and the insoluble residue, which was white, 
ppeared to be pure silica. 

Bay of Seven Islande. On a small stream known as the Rapid 
tiver which empties into the Bay of Seven Islands, there occurs, a few 
undred yards from its mouth, a great mass of iron ore imbedded in the 
orite or labradorite rock of the country. The ore, with the exception of 
n occasional included portion of norite, appeared to occupy the bed and 
oth banks of the stream for a breadth, east and west, estimated at about 
00 yards, and is said to extend for some distance north and south, but, 
wing toa heavy storm at the time of my visit, its limits were not ascertained. 
the ore is black, brilliant and somewhat coarsely granular. It holds imbedded 
rains of feldspar, with what appears to be pyroxene, and some iron 
rites. Although pretty strongly magnetic, it contains a large amount of 
itanium, a partial analysis of an average eample yielding for 100 parts 


+ 49.77= metallic iron 38.70. 
34.30 
6.35 


90.42 


Protoxyd of iron. 
Titanic aci 
Insoluble. 









The other bases, derived from the admixture of silicates, were not deter- 
ined. When pulverized and treated by 9 magnet it was separated into 
vo portions, one strongly magnetic, equal to 57 per cent. The remainder 
ave by analysis 51.14 of titanic acid, and 39.75 of peroxyd of jron,: 
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besides 8.30 of insoluble residue. The magnetic portion, contrary to * 
might have been expected from the readiness with which it was attra 
by the magnet, contained not less than 24.80 per cent of titanic acid. 
was nearly free from silicious impurities, and almost wholly solubl 
hydrochloric acid. The existence of a highly magnetic compound, 
taining go large a proportion of titanum, is interesting, and the substi 
deserves further study,—meanwhile, as an iron ore, it must take its p 
with the highly titanic ores, like that of Bay St. Paul, to which refere 
has already been made. Should it ever be found advantageous to ¥ 
such ores, the deposit at the Bay of Seven Islands may be made 
furnish a very large quantity. 


IRON SANDS. 


The silicious sands of most regions contain a greater or less propor 
of heavy black grains, which consist chiefly of some ore of iron. ' 
source of these is easily traced to the crystalline rocks which, by t 
disintegration, have given rise to the sands, and which, in addition to 0 
sional beds or masses of iron ores, generally hold disseminated grain 
magnetite, hematite, titanic iron (menaccanite or ilmenite of mineralogi 
and more rarely chromic iron ore. In the process of washing earth 
sand for gold, diamonds, or tin ore, considerable quantities of these bl 
iron sands are met with, and, from their high specific gravity, remain w 
the lighter portions are washed away. The chromic iron ore is comp: 
tively rare, and confined to certain districts; the hematite, with 
exception of some crystalline varieties, is generally too soft to resist 
abrading forces which have reduced the solid rock to sand, so that 
black grains, in most districts, consist chiefly of magnetic and titanic i 
ores. In the gold-bearing alluvions of the Chaudière region in Cana 
the sands obtained in washing for gold, when purified as much as poss 
by washing, were found to hold eighteen per cent. of magnetic iron. ‘ 
non-magnetic portion was soluble in acids and fused bisulphate of pots 
with the exception of 4.8 per cent. of silicious residue, and the soluti 
contained, besides iron, a considerable proportion of chromium, and 23 
per cent. of titanic acid, derived from the titanic iron ore, which made 
a large portion of the sand. (Geology of Canada, page 520.) 

The proportion of these ores to the whole masa of ordinary silici 
sands is, generally, by no means large, but the action of moving wt 
effects a concentration of the mixture, separating the lighter silicious gre 
more or less completely from the heavier portions, which consist chiefly 
the iron ores, generally with a small quantity of grains of garnet. 17 
separation is effected, on a large scale, by the action of the sea, under 

T 





fron-and beds. 


New Zealand. 


Western lakes. 


arly workings. 
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influence of the winds and tides, and the result of this action occasionally 
gives rise to remarkable accumulations of these heavy iron sands, along 
the present sea-beaches. A similar process in past ages, during the depo- 
sition of the stratified sands, which are now found at heights above the sea- 
level, has sometimes arranged the iron grains in layers, which are seen to 
alternate with the lighter silicious sands, as in the deposits of to-day. 
Accumulations of these iron sands are met with in many countries. 
They are found on the shores of Great Britain, along the borders of the 
Baltic and the Mediterranean, and abundantly on the coast of New Zealand. 
In some parts of Hindostan and Madagascar the grains of iron ore are 
extracted by washing from the sands of the country, and employed by the 
natives in their primitive furnaces, for the manufacture of iron on a small 
scale. The iron sands of New Zealand have of late attracted particular 
attention from their great extent and richness. According to Hochstetter, 
the shore of the northern island from Kaipara to Taranaki, a distance of 
180 miles, is bordered with a thick layer of iron sand, which contains, 
according to different analyses, from six to eleven per cent. of titanic acid. 
In North America, black iron sands abound in many places. They occur 
in great quantities in the lower St. Lawrence, as will be hereafter 
described, and are met with, in smaller amounts, at various points to the 
south-westward, along the valley of the St. Lawrence and the great lakes. 
Thus, a deposit of black sand at the outlet of Lake Huron, near Sarnia, 


‘attracted some attention, a few years ago; while along the north shore of 


Lake Erie this sand is, in some places, found in such quantity that attempts 
were, it is said, made, more than twenty-five years since, to collect it and 
smelt it with an admixture of bog ore, which was then treated in a blast- 
furnace, at Normandale, Norfolk county, Ontario. 

These black sands are likewise met with at various points along the 
coast of the United States, particularly on the shores of Connecticut, 
where they early attracted the attention of the colonists, and were suc- 
cessfully worked more than a century since. The following details relating 
to the history of these early and little-known trials, are so interesting that 
I may be pardoned for introducing them here. It appears by a letter from 
Mr. Horne, a steel-maker and cutler of London, addressed to Mr. John 
Ellicot, F.R.S., and read before the Royal Society of London, March 3, 
1763, that, at that time, the Society for the Encouragement of Arts and 
Manufactures was occupied with the question of the Virginian black sand, 
as it was called. Already, before 1742, one Dr. Moulen, of the Royal 
Society, had made some unsuccessful experiments to determine the nature 
of this magnetic sand, but in that year Mr. Horne, having procured a 
quantity of it, succeeded, as he tell us, in extracting from it more than one- 
half of its weight of fine malleable iron. He seems, however, to have pub- 
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lished nothing upon the subject until after Mr. Jared Elliot had made known, 
twenty years later, by a pamphlet and a letter addressed to the Society 
of Arts, and subsequently by a letter in reply to Mr. Horne’s inquiries, Buict’s trials. 
that he was then making malleable iron from the black sands, in blooms of 
fifty pounds and upwards, by direct treatment in a common bloomary fire, a 
process which seems, from his letters, to have been one familiar to him. He 
describes the ore as yielding 60 per cent. of malleable iron, and as being 
very abundant, and so free from impurity as to require the addition of 
cinder or of bog ore. This manufactnre of iron from the sand had 
evidently been somewhat developed, for, according to Mr. Elliot, his son 
had already erected a: steel-furnace, before the Act of Parliament was 
passed prohibiting the manufacture of steel in the colonies. Specimens of” 
the steel there produced were examined by Mr. Horne, and found to be 
of excellent quality, very tough, and not at all red-short.* 

Throughout the essay of Mr. Horne the sand-ore is spoken of as coming 
from Virginia, a name which in the reign of Elizabeth was given to the 
whole American coast from Canada to Florida, although in 1643 the name 
of New England was applied to the region which still bears that name. 
It appears, however, that the so-called Virginia sand was from the coast of 
Connecticut. Mr. Elliot’s letter to Mr. Henry Horne was dated Kill- 
ingworth, Oct. 4, 1762., Killingworth is a town in the state of Connecticut, Connecticut. 
on the shore of Long Island’ Sound, twenty-five miles east of New Haven, 
and was the residence of the Rev. Jared Elliot, D.D., who was not only 
a divine, but a physician, and a naturalist of great reput2. It is recorded of 
him that ‘‘ some considerations had led him to believe that the black sand, * 
which appears originally on the beach of the sound, might be wrought into 
iron. He made an experiment upon it in the year 1761, and succeeded. 
For this discovery he was honored with a medal by the society instituted 
in London for the Encouragement of Arts, Manufacturers and Com- 
merce.”’ * 

Notwithstanding this successful result, the iron sands seem to have 
been neglected for the last century, both in America and in Europe. We 
read, it is true, that such sands are treated in open hearths (bloomaries) 
at A vellino, near Naples, and within a few years attempts have been made 
in England to turn to use the iron sands of New Zealand ; but the first 
successful attempts in this country were on the north shore of the lower 





* These curious details are extracted from a rare volume entitled Essays concerning 
Iron and Sieel, (the first of the three essays being on ‘ The American Sand-Iron,”) by 
Henry Horne, London, 1773. 12mo., pp. 223. A copy of this scarce book is in the 
possession of W. M. B. Hartley, Esq., of New York. 

© Barber's Historical Collections of Conneclicut, page 531. The Rev. Jared Elliot, who 
was a grandson of the celebrated John Elliot of Massachusetts, the “ Apostle of the 
indians,” died in 1763, aged seventy-eight years. 





Moisie. 
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St. Lawrence. The great deposits of black iron sand on the beach 
near the mouth of the Moisie River, having attracted attention, various 
attempts to reduce it were made. In January, 1867, Mr. W. M. Molson 
of Montreal, had the ore successfully treated by the bloomary process, in 
northern New York, and the result proving satisfactory, several bloomary 
furnaces were, in 1867, constructed by him at Moisie, and have since 
been in successful operation. 

It will here be well to notice the nature and the composition of the 
iron sand at Moisie, as observed by myself in the summer of 1868. The 
stratified sands at Moisie, lying about ten feet above high-water mark, 
penetrated by the roots of small shrubs, and holding marine shells, were 
observed to be banded by irregular dark colored layers, in which the iron 
ore predominated. The same thing was afterwards remarked by me in 
stratified sands at much higher levels in the vicinity. Where these sands 
form the beach, they are exposed to the action of the waves, which effect 
8 process of concentration, on a grand scale, so that, itis said, after a preva- 
lence of certain winds, great belts of nearly pure black sand are exposed 
along the shore. At the time of my visit trenches were being sunk tos 
depth of five feet, on the shelving beach, about half-way between high and 
low-water mark. The sections presented alternations of nearly pure 
silicious sand and of black iron sand, the latter in layers of from half an 
inch to six inches in thickness, often with a small admixture of grains of 
red garnet, which sometimes formed very thin coatings upon the surface 
of the black layers. One of these latter, six inches in thickness, was 
taken up by myself, and found to be very pure, as will be seen from its 
analysis, farther on. It was easy, from these trenches, by means of 
shovels, to remove, without much admixture, the thicker layers of the 
moist black sand, which would measure from one and a-half to two feet out 
of the five feet excavated. This material was piled upon the beach, and 
afterwards carried to the washing-table. The supplies of sand-ore have 
hitherto been obtained from the deposits of wet sand below high-water 
level. Those at the surface, on the beach, have doubtless been recently 
moved by the waves, but from the inspection of the layers in the trenches, 
I was led to the opinion that they were lower strata, similar to those seen 
above the high-water mark, and, like them, of considerable antiquity. 
They were found to contain marine shells in a crumbling and decayed 
condition. It is said that these mixed sands of the higher levels yield, on 
an average, by washing, about fifteen per cent. of black iron sand. When 
this poor sand is spread upon the shore, and exposed to the action of the 
waves and the tide, it is found to become concentrated through the washing- 
away of the silicious grains. This process helps us to understand the mode 
in which the irregular layers of rich iron sand have been formed in the 
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midst of the deposits of silioious sand, in the strata which are now above 
the sea-level. 

The washing of the ore at Moisie, preparatory to smelting, is done upon 
a shaking-table, about twenty feet long and four feet wide, with a sloping 
and somewhat concave bottom. Upon this, by the aid of a gentle current 
of water, a large part of the lighter grains, chiefly of quartz, are washed 
away. 

The specific gravity of the sand, in bulk, was determined by weighing 
100 measured cubic centimeters of it, equivalent to 100 grammes of water ; 
and the proportion of grains of magnetic ore was also determined. Of 
three specimens from Moisie ; A was an average sample of several hundred 
tons gathered in the manner just described, preparatory to washing; B, 
a portion taken by myself from a layer six inches thick, about three feet 
below the surface of the beach ; and C, the washed ore, as prepared for the 
bloomary fire. In this connection are given the results of some similar 
determinations with iron sands from other localities. 


Specific gravity. Magnetic. 


Moisie, A......................sooseee 2.82 46°3 per cent. 
Moisie, B..........,.,,....,...4, ves 2°88 49°3 
Moisie, O.... ccccccccneescsevessecsecs 2:97 52°0 
Mingan ....1..... soso ses 2°84 48:3 
Bergimis ....scecccccccccsecscccceces 2:81 34:3 
Natagquan ...cccsccccccccvecscsssece — 55-7 
Kagashka .......... soso. —— 24:0 
Batiscan ....ccccscccccscccccasscsece — 55-0 


The specific gravity of the silicious sand with which these iron sands 
are associated, was found, when determined in bulk, as above, to be about 
2.00. It consists chiefly of quartz, whose real specific gravity is about 
2.65 ; that of magnetic iron ore being about 5.18, while the titanic iron 
ore is about 4.70, and the associated garnet not far from 4.0. The amount 
of material removed in the process of washing at Moisie is not very great, 
as may be seen by comparing the proportion of magnetic grains in A and 
C, the Moisie sand before and after washing. The latter was found by 
analysis to contain about 5.5 p. c. of insoluble matter, chiefly silicious 
sand, the remainder being almost entirely oxyd of iron and titanic acid. 

The sand of Batiscan, mentioned above, had been purified by washing. 
Considerable deposits near Champlain, contain, according to Dr. Larue, 
about 10.0 per cent. of magnetic ore, the remainder being chiefly silicious 
sand. The specimens from Bersimis, Mingan, Natasquan and Kagashka, 
however, though collected, as I was informed, without washing, compare 
favorably with those from Moisie, and, with the exception of Bersimis, even 


Washing the 
sand. 


Specifo gravity. 


Bersimis. 


Bay of Seven 


Mingan. 


Magnetic sepa- 
ration. 
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surpass it in the proportion of magnetic ore. I am indebted for all of 
these to Dr. Larue, the professor of chemistry in Laval University, 
Quebec, who has paid much attention to the iron sands of the lower St. 
Lawrence, and collected himself the specimen from Bersimis, of which 
locality he has given me some interesting notes. Besides the considerable 
accumulations of sand on the beach, he observed, about three feet above 
high-water mark, two layers of black sand, holding about 30 per cent. of 
magnetic ore, and separated by a stratum of four inches of a gray sand 
containing very little iron. The three layers were traced with consider- 
able regularity for 1000 feet along the shore. As we have seen, the sand 
from the beach at Bersimis contained but 34.3 per cent. of magnetic ore, 
and had a specific gravity of 2.81; the magnetic portion had, however, a 
specific gravity of 2.99, and the non-magnetic 2.77. The analyses of both 
of these will be found farther on. 

A deposit of black sand, said to be equal in richness to that of Moisie, 
is described as stretching along the coast, nearly the whole distance from 
the Bay of Seven Islands to the mouth of the Moisie River. The sand from 
Mingan, which is mentioned above, and of which an analysis will be given 
farther on, is said to be from the west side of the St. John River, at 
Mingan, but is described as stretching from thence for a distance of three 
leagues along the coast, and as bemg very abundant. The deposits of 
sand at Natasquan and at Kagashka are also stated to be very extensive, 
and like Mingan, favorably situated for the loading of vessels. 

An inspection of the iron sands from the various localities above 
mentioned, shows that they all contain, besides the ores of iron, a small 
proportion of red garnet, and more or less of fine silicious sand. The latter 
of the two substances it is possible to remove almost entirely by careful 
washing of the crude ore. The use of a magnet enables us to separate 
the black iron ore grains into a magnetic portion, which is nearly pure 
magnetic oxyd, and a non-magnetic portion, which is chiefly titanic iron, 
but, in the specimens submitted to examination, holds a portion of silicious 
matter, which the imperfectly washed sand still retains. In thus separating 
the ores into two portions for analysis, the magnetic grains were taken up 
by a magnet, the poles of which were covered by thin paper, and this 
process was repeated until the non-magnetic grains were, as far as 
possible, left behind. The two portions of the ore thus obtained were 
analyzed separately, the solvent used being, in both cases, hydrochloric acid, 
which, as is well known, dissolves magnetic oxyd of iron with great facility, 


- and, with certain precautions, may be advantageously employed to dissolve 


titanic iron ore. For this purpose the non-magnetic portion, having been 
very finely powdered and sifted, is left to digest with about ten times its 
weight of hydrochloric acid of specific gravity 1.19, or thereabouts, for 
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several hours, or until the undissolved residue is no longer black, but 


grayish or brownish in color. If the process has been conducted with care, y Chemical 


and without over-heating, the whole of the iron, and all of the titanic acid 
which was combined with it, will be found in solution, and may be sepa- 
rated by the ordinary methods. The residue, apparently, contains little 
else than grains of quartz, with a small proportion of garnet. The finely 
pulverized ore may also be fused with bisulphate of soda, a process which 
is more expeditious, and yields equally good results with the last. 

Moisie.—A specimen of unwashed black sand from Moisie, holding 
49.1 per cent of magnetic grains, was decomposed by digestion with hydro- 
chloric acid, and the residue fused with bisulphate of soda. The titanic 
acid having been thrown down, by boiling, from the united solutions, the iron 
was directly determined, the other bases being neglected in this partial 
analysis, which gave me the following results :— 


I. 


Protoxyd of iron.......,........ 70.10 = metallic iron 56.23 
Titanio acid.........s..essses .- 16.00 
Insoluble, chiefly quartz ......... 5.92 


A part of the iron in these ores is in a higher state of oxydation than 
-here indicated, but the determination of the degree of oxydation of the 
iron in titanic ores is difficult, and, as even the magnetic portion of the 
sands contains some titanic acid, it is thought advisable, in the present 
analyses, to represent the whole of the iron in these ores as protoxyd, 
giving, at the same time, the amount of metallic iron, and, in the case of 
the magnetic portions, the magnetic oxyd corresponding thereto. In the 
non-magnetic portion of the Bersimis sand, however, as will be seen, the 
proportions of the two oxyds ofiron were determined. The magnetic grains 
having been removed from the above sample of Moisie ore, the non- 
magnetic portion gave 58.20 of protoxyd of iron, 80.74 of titanic acid, 
and 6.14 of insoluble residue. | 

Further and more complete analyses were subsequently made of the 
washed ore from the Moisie iron-works, which, as already stated, contained 
52.0 per cent. of magnetic grains. These were analyzed separately, (IT) 
while the non-magnetic portion gave me the results under HI. Sulphur 
and phosphorus are present in this sand in very small quantities, the 
determinations of Mr. Broome giving for the washed mixed ore .070 
per cent. of sulphur and .007 of phosphorus. 


Moisie sand. 
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IL In. 
oayd of iron . 85.79 


ic acid... 





tof the analysis II, if the iron be calculated as magnetic oxyd, 
The composition of the mixed ore, if we suppose II and III 

4 in equal proportions, would be as under I A, which agrees 

h the analysis I, given above. 

#.—The iron sand of Bersimis, as already described, contained 

er cent of magnetic grains ; the analysis of this portion is given 












Iv. 

Protoryd of iron. 85.56 

Titanic acid... 3.40 

Oxyd of manganese. undet. 

Lime traces. 
Magnesia . i 

Insoluble ... 3.85 

92.81 

Magnetic oxyd of iron. 92.44 

Metallic iron 66.56 





of the analysis, if the iron be calculated as magnetic oxyd, is 
he non-magnetic portion of the Bersimis sand was dissolved in 
¢ acid, out of contact with oxygen, and the amounts of protoxyd 
rd of iron were separately determined. The analysis gave me 





v. 
Protoryd of iron.. 24.66 
Peroxyd of iron 22.24 
Titanic acid. 






Oxyd of manganese 
Lime... 
Magnesia 
Insoluble 


Metallic iron 
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Mingan.—The iron sand from the mouth of the St. John river, at 
Mingan, contained 48.3 per cent. of magnetic grains, whose analysis is ™!™ 
given under VI, while that of the non-magnetic portion of the ore is 
found under VII. 











VI. VII. 
Protoxyd of iron. 80.46 46.31 
Titanic acid ... 6.50 31.60 
Oxyd of manganese . 52 1.35 
Lime .. 15 1.06 
Magnesi 10 50 
Insoluble. 4.20 15.50 

93.13 96.32 
Magnetic oxyd of iron ++ 86.92 tees 
Metallic ron. + 65.68 36.00 





The sum of the analysis VI, if the iron be estimated as magnetic oxyd, 
is 99.59. 

In the above analyses of the iron sands it will be remarked that the 
magnetic portion retains a little adherentsilicious matter, and small amounts 
of titanium, both of which vary in the sands from different localities, 
although the separation by means of the magnet was in all cases effected 
with the same precautions. Observations and experiments on other samples 


gan eand. 


of these sands go to show that different layers from the same locality vary, Vars com 


not only in the proportion of silicious sand, but in the relative proportions 
of magnetic and titanic ores and of garnet. This might be expected when 
we consider that the differences in density between each of these consti- 
tuents of the sand, should, under the influence of moving water, lead to 
their partial separation from each other. 

A specimen of iron sand from Quogue, on the south side of Long Island, 
near New York, where these sands are about to be employed for the manu- 
facture of steel, closely resembled those of Bersimis, and contained 81 per 
cent. of magnetic grains. The unpurified ore, which was mingled with a 
considerable amount of quartz sand, and some garnet, amounting together 
to about 17 per cent., gave by analysis about 40 per cent. of iron, and 15 
per cent. of titanium, besides a proportion of manganese greater than 
the iron sands from the lower St. Lawrence. 


ON THE MANUFACTURE OF IRON AND STEEL BY DIRECT METHODS. 


Although by far the greater part of the wrought iron and steel now 
used in the arts is made from cast iron produced in the blast-furnace, 
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story of iron-making shows us that in early times malleable iron, and 
steel, were obtained directly from certain ores, without the previous 
ction of cast iron, and without fusion. The manufacture and use of 
itter, in fact, date only from a comparatively recent period. The 
8 of India, Burmah, Borneo, Madagascar, and some parts of Africa, 
ce the direct conversion of iron ores to the metallic state in small 
‘es. In certain districts of India the amount of malleable iron thus 
ced is very considerable, and much of it is manufactured into steel ; 
e furnaces used are small in size, and produce not more than from 
y to forty pounds of iron in a day, with the labor of three or four 
and with a great waste of ore and of charcoal. The rich native ores, 
ly pulverized, or the grains of iron ore obtained by washing the 
of certain districts, are heated with charcoal in small furnaces, until 
we reduced and yield masses of malleable metal. Somewhat similar 
ds of making malleable iron have long been known in various coun- 
if Europe, where, under improved forms, they are still followed, and 
thence been brought to America. Of these furnaces for the direct 
rsion of ores into malleable iron, the five known in Europe are the 
‘an and Catalan forges, the German bloomary forge, the Osmund 
se, and the German Stiickofen or high-bloomary furnace, which latter 
igh walls, and approached in form to the modern blast-furnace, of 
it seems to have been the immediate precursor. For a detailed 
ption of these various furnaces, and the mode of working them, the 
ris referred to Dr. Percy’s learned work on the metallurgy of iron 
eel. Inasmuch, however, as furnaces related to the German bloomary 
ill largely used on this continent, and promise to become of consider- 
uportance to Canada, it will be well to describe briefly some points 
history of these various European furnaces. 

these, the best known is the Catalan furnace or forge, so called 
he province of Catalonia, in Spain, where it was formerly much used, 
las in the neighboring parts of France. The department of Ariège, 
10, had in operation forty-nine of these furnaces, producing 5800 
f metal, of which 215 tons were a crude kind of steel, the remainder 
malleable iron. The process has there, however, since probably 
into disuse. Similar forges continue to be employed on the Italian 
and, in 1850, there were forty of them in operation in the province 
noa, where they were used for the treatment of specular iron ore 
at from the island of Elba. In the French Pyrenees, however, 
rtment of Ariège) the ore generally used in these furnaces is a 
us brown oxyd, holding from forty to fifty per cent. of iron, and 
iching in its character to the bog ores of the province of Quebec. 

: Catalan forge consists of a rectangular hearth, constructed chiefly 





REPORT OF DR. T! STERRY HUNT. 271 


of heavy iron plates, which, in the largest size, is about forty by thirty- 
two inches, and from twenty-four to twenty-seven inches deep, or from 
fourteen to fifteen inches below the twyer. In some districts, however, 
furnaces of not more than ons-half these dimensions are built. The pres- 
sure of the blast employed does not exceed 14 or 1% inches of mercury, 
and the twyer is directed downwards, at an angle of thirty or forty 
degrees. The wall facing the twyer, slopes outward towards the top, and in 
working, the greater part of the charge of ore is heaped against it, 
and occupies from one-third to one-half of the cavity of the furnace, the 
remaining space being filled with ignited charcoal. The ore is previously 
broken go that the large lumps are not more than two inches in diameter, Mode of worty 
while from one-third to one-half of the material will pass through a screen, 
the bars of which are four-tenths of an inch apart. This finer ore is 
thrown on the surface of the fire, from time to time, during the operation, 
which is conducted with many precautions as to regulating the blast, 
stirring, supplying the fine ore and coal. At the end of six hours, in the 
ordinary routine, there is withdrawn from the bottom of the furnace an 
agglomerated mass of reduced but unmelted iron, which is then forged 
into blooms or bars. The operation, lasting six hours, consumes, in one 
of the larger sized forges, about 94 cwt. of ore and 104 cwt. of charcoal, 
and yields 3 ewt. of bar iron. According to another calculation, there are 
required for the production of 100 pounds of iron, 340 pounde of charcoal 
and 812 pounds of an ore containing from 45 to 48 per cent. of iron. Of 
this about seven-tenths are obtained in the metallic state, the remaining 
three-tenths passing into the slag. 100 pounds of ore yield 31 pounds 
of bar iron, and 41 pounds of slags, which are dark-colored basic silicates, 
very rich in oxyd of iron. 

The Corsican forge is a more primitive form of furnace than the Catalan, Corsican forge. 
and without interest, except so far as it belongs to the history of iron- 
working. It is said to have consumed more than 800 pounds of charcoal 
for the production of 100 pounds of iron. Some few of these forges were 
still in operation in Corsica forty years since. 

Another form of furnace, described by Dr. Percy under the name of the 
Osmund furnace, was used during the last century in Norway and Sweden. osmund furnace 
It was a rude hearth, with walls around it, and an opening im one of the 
side near the tap-hole, which was built up with stones, and taken down 
when it was required to extract the loup or mass of reduced iron. This 
furnace was not capable of yielding more than 14 tons of iron in a week, 
but is still used in Finland, and it is mentioned as a curious fact, that 
certain bog ores which contain so much phosphorus as to yield but a poor 
and hot-short iron by treatment in the blast-furnace, and subsequent decar- 
buration, afford a good malleable iron when reduced by the direct method, 
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in the Osmund furnace ; a result which appears to be due to the fact that 
the phosphorus, which is reduced and passes into the iron, in the blast- 
furnace, escapes reduction at the lower temperature of the Osmund 
furnace. 

An improvement in the Catalan forge has been introduced in the province 
of Genoa, in northern Italy, and consists in the utilization of the waste heat, 
which is made to roast, and subsequently partially to reduce, the ore before 
treating it in the forge. For this purpose a flat-bedded reverberatory 
furnace, so constructed as to receive, at one end, the flame from the forge, 
was provided at the other end with a charging-door, within and above 
which was a vertical chamber, communicating with the chimney, and having 
a side-door, and a grating at the bottom. Upon this grating, the ore, a 
specular oxyd containing 68 per cent of iron, was laid, and exposed to the 
heat, which roasted it, expelling a small portion of sulphur. After being 
thus heated for some time, it was withdrawn and thrown into water, by 
which process it was rendered friable. Being then broken into small lumps 
and coarse powder, it was spread out evenly on a layer of broken charcoal, 
with which the bottom of the reverberatory hearth had previously been 
covered, and was here exposed to the heating effect of the waste flame 
from the forge, during the whole time of working a charge in the latter. 
In this operation the bed of charcoal was consumed, and the ore lost ten 
or twelve per cent. of its weight, being partially deoxydized. Some scraps 
of cast iron or wrought iron were then added to the half-reduced ore, 
and the whole mass, by means of a rabble introduced through the charging 
door, was pushed forward into the forge-hearth. In this way, five heats, 
instead of four, could be worked off in twenty-four hours, with great 
economy in charcoal, improvement in the quality of iron, and a somewhat 
greater yield. Separate furnaces were also constructed in connection 
with these works, for reheating the iron to be drawn out into blooms, and 
the waste heat from these was also employed in heating reverberatories, as 
above explained. 

One of the Catalan forges, with these improvements, yields in a week 
of six days, thirty heats of iron, with an average consumption, for each 
heat, of 95.30 kilogrammes of ore in lumps, 68.50 of ore in powder, 31.75 
of wrought-iron scrap, and 254.00 of charcoal, with a yield of 143.00 
kilogrammes of bar iron. This is equal to 1575 pounds of iron in twenty- 
four hours, with a consumption of 2794 pounds of charcoal. It is, how- 
ever, to be noticed that about 22 per cent. of this product, or 349 pounds, 
was added in the condition of wrought-iron scrap, whose reworking would 
consume comparatively little charcoal. Making a liberal allowance for this, 
we may fairly consider the work of the furnace as nearly equal to the 
production, from the ore, of 1400 pounds of iron, which is at the rate of 50 
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pounds of iron for 100 pounds of charcoal consumed, and is about the 
result obtained with the American bloomaries, to be noticed farther on ; 
while the proportion obtained with the unimproved Catalan forge, des- 
cribed above, is only at the rate of 30 pounds of iron to 100 pounds of 
charcoal. 

Mention has already been made of the German high-bloomary furnace, 
or Stiickofen, which is of no particular interest in this connection, and is 
not to be confounded with another furnace known simply as the German 
bloomary. This was formerly used in Silesia and the Palatinate, and is 
described at some length in the classic work of Karsten, written a little 
more than half a century since (1816), but is dismissed with a few words 
in Bruno Kerl’s treatise on metallurgy, published in 1864 (Huttenkunde, 
iu, 427), from which its use would seem to be nearly or quite abandoned 
in Germany. According to Karsten the German bloomary consisted of an 
iron pot, or a box of iron plates, in either case lined with refractory bricks, 
and having an internal diameter of from fourteen to twenty-one inches, 
and the same depth, the dimensions varying with the fusibility of the 
ore, the force of the blast and the quality of the coal. The twyer 
was horizontal ; the furnace having been filled and heaped up with burning 
charcoal, the ore was thrown upon the fire by shovels-full at a time; this 
process was continued, the supply of fuel being renewed, until a loup of 
sufficient size had been formed at the bottom of the hearth, as already 
described in the Catalan method. When the blast is too intense, or the 
coal very dense, it may happen that the reduced iron becomes carburette:l 
to such an extent as to produce steel-like iron, or even molten cast-iron, 
instead of a loup of soft malleable iron. A similar state of things some- 
times occurs in the Catalan forge, and is occasionally taken advantage of 
to obtain an imperfect kind of steel. 

From the above description it will be scen that the method by the 
German bloomary differs from that by the Catalan forge, in the fact that, 
in the latter, the greater part of the charge of ore is placed, at the com. 
mencement of the operation, in a coarsely broken state, on the sloping 
wall of the furnace, opposite to the twyer, while the remaining portion is 
subsequently projected, in a more finely divided condition, upon the surface 
of the fire. In the German method, on the contrary, the whole of the 
ore is reduced to this finer condition, and is added by small portions, a plan 
which dispenses with the charging of the furnace after each operation, as 
in the Catalan method, and permits of a continuous working, interrupted 
only by the withdrawing of the loups from time to time. The German 
bloomary, in an improved form, is extensively used for the reduction of iron 
ores in the United States, where it is known by the name of the bloomary 
fire, the Jersey forge, or the Champlain forge, and is also frequently called 
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e Catalan forge, from which, as has already been shewn, it is distinct in 
rm, and still more distinct in the manner in which it is worked. Before 
‘oceeding to describe in detail the American bloomary fire, it will be well 

notice some of the advantages of the direct methods of extracting iron 
om its ores, and to point out the conditions under which they may be 
ted with advantage. 

Karsten remarks that the iron obtained by a direct process is often of a 
iperior quality, for the reason that the separation of the foreign matters 
“the ore is effected by a kind of liquation, rather than by complete fusion ; 
14, moreover, that certain impurities, which would be reduced and unite 
ith the iron at higher temperatures, are carried off by the slags, in an 
areduced state, at the lower heat of the open forge. A striking illus- 
ation of that has been given above, in speaking of the Osmund furnace, 
ad its use in Finland. For these reasons Karsten was of the opinion that 
1 some regions, and with certain ores, the direct process was, perhaps, 
‘ore advantageous than the use of the blast-furnace combined with the 
nery-hearth. This, however, was half a century since, and, in the 
‘eantime, great improvements have been made in the manufacture of cast 
‘on, as well as in puddling or otherwise treating the pig-metal. In view 
Fall these facts, and of the great facilities for transportation at the present 
ay, Dr. Percy observes (in 1864), “ that there can only be compara- 
vely few localities in Europe where these (Catalan) forges can be 
onducted with profit. In mountainous regions abounding in rich iron 
res and wood suitable for charcoal, and still inaccessible to railways, the 
‘atalan process may hold its ground, but certainly not in localities where 

is unprotected by high rates of carriage, or other circumstances, from 
mpetition with iron smelted and manufactured by modern processes. Its 
dvantages are that the outlay and floating capital required for a forge are 
aconsiderable, and the consumption of charcoal is comparatively small.”— 

Perey, Metallurgy of Iron and Steel, page 311.) 

The German bloomary process was probably introduced into North 
\merica early in the last century. Among the forges in operation in 
New Jersey and Pennsylvania in 1856, Lesley, in his Iron Manufacturers’ 
Fuide, mentions one as having been established in 1733, and another in 
725. These were, perhaps, bloomaries for the conversion of pig-iron by 
he Walloon method, which was used in this region at an early date ; but 

is evident, from facts cited already, page 268, that the treatment of pul- 
erized iron ores in the German bloomary fire was already practised in 
‘onnecticut as early as 1761. It was, probably, the coming of German 
nmigrants which led to the use of the German rather than the Catalan 
orge, which, so far as I can learn, is unknown, at least, in the northern 
nd eastern parts of the United States. Various improvements have 
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been, from time to time, made in the construction of the furnaces, the 
most important of which has been the introduction of the hot blast. 
Favored by supplies of rich ores, and protected, to a certain extent, from Bloomaries ih 
foreign competition, by duties on imported iron, the manufacture of iron by 
this method has been widely extended over the United States, and has 
assumed considerable importance. In the districts where it was first 
introduced, including northern New Jersey and the adjacent portions of 
New York and Pennsylvania, the bloomary process is falling into disuse, 
since wood has become scarce, and extensive workings of coal in the 
vicinity, with the great facilities for transportation, have rendered it more 
profitable to treat the ores in the blast-furnace than in the bloomary fire. 
In northern New York, on the contrary, the use of the direct process 
appears to have considerably extended during the past few years. 

The works for producing iron directly from the ores, by the present 
method, are known in the United States as forges or bloomaries, and 
sometimes consist of twenty forge-fires or furnaces, but in many cases of 
not more than two or three. According to the report prepared by Mr. 
Charles E. Smith, for the Iron Manufacturer's Guide (page 760), and 
publisned by authority of the American Iron Association, there were, in 
the year 1856, produced directly from the ore, 28,638 tons of malleable 
iron, from 203 forge-fires. Of these, 42 were in New York, 48 in New 
Jersey, 36 in North Carolina, 14 in Alabama, and 50 in Tennessee. 
There were besides, at that time, 85 abandoned fires, of which not less 
than 29 were in New Jersey. The average production from each forge- 
fire was thus 141 tons. Since that time I have no means of knowing the 
condition of this manufacture in the south and west. In New Jersey, for 
reasons already given, the direct method is almost abandoned, while in 
northern New York, on the contrary, it has greatly mcreased. Instead of New York 
the 42 fires reported in 1856, there were, in 1867, according to the Iron 
and Steel Association Bulletin, 186 fires in activity in Essex and Clinton 
counties, the principal seats of this industry. The aggregate product of 
these forges was supposed by a competent authority, in 1868, to be nearly 
40,000 tons of malleable iron, a large portion of which is consumed at 
Pittsburg for the manufacture of steel by cementation, a process for which 
this iron is eminently fitted, and for which that reduced from the ore of 
the Palmer ore-bed, near Keeseville, is especially prized. Two establish- 
ments in the neighborhood work the ore of this deposit ; one, that of Messrs. 
Rogers, of Ausable Forks, had 21 fires, and the other, that of the Peru 
Company, of Clintonville, 18 fires, in 1868. 

The direct method of reduction cannot be applied to poor ores, which, 
to yield good results in the German or Catalan forge, should not contain 
much less than 50 per cent. of iron, while much richer ores are to be pre- 
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d. Some of the iron ores of North America consist of an aggregate 
ystalline grains of magnetic oxyd, mingled with so large a proportion 
leareous or silicious matter as render them unfit for the bloomary fire, 
mit purification. This is generally effected by crushing and wash. 
after a previous partial calcination, and leaves the ore in a coarsely 
ilar state, which would not be adapted to the Catalan, although wel 
ito the German or American method. This condition of things is 
rated by the ore of the famous Palmer bed, just mentioned. I was 
ned at the works of Messrs. Rogers, that from four to five tons of the 
ige crude ore were required to make a ton of blooms. The ore, as 
1 from the mine, is chiefly magnetite, with grains of white quartz, and, in 
portions, of flesh-red feldspar. It is slightly roasted, to render it fria- 
hen stamped and passed through screens with openings of about one 
h ofan inch, and purified by washing. Two tons of the washed ore were 
red to make a ton of blooms. I took what seemed an average sam- 
? the crushed ore from the stamps, and having further reduced it so 
it would pass through the meshes of a sieve having sixteen holes to 
near inch, carefully separated the magnetic from the non-magnetic 
which contained a proportion of grains of specular iron ore, but was 
y quartz. The magnetic portion equalled 45 per cent. of the whole. 
aple of the dressed ore, such as supplied to the bloomaries, was 
d in the same manner, by further crushing, and separation by the mag- 
nd contained 64 per cent. of magnetic ore ; the non-magnetic portion, 
3 silicious matters, holding a considerable proportion of grains of 
lar iron, which would probably raise the amount of oxyd of iron 
sample of the water-dressed ore to about 85 per cent., or a little over 
reent. of metallic iron. In other districts of northern New York, as 
vicinity of Port Henry, the crude ores are richer than those just 
med, and often contain very little extraneous matter, so that the 
tion of washing may sometimes be dispensed with. At the New Rus- 
rge, in Moriah, the ore, which is mingled with a little quartz, is 
d in piles, with wood, during two or three days, then crushed and 
d as above described. Two tons of the crude ore yield one and a half 
ssed ore, which is calculated to give one ton of blooms. The wash- 
‘ocess removes not only the foreign matters, but a portion of fine ore, 
is lost, and may be seen accumulated in the vicinity of the washing- 
. The bloomers, as the iron-makers are called, object to this fine ore, 
ag unfit for use, but it will be seen further on that this prejudice is 
it foundation, and that the finer grains can be used with advantage, 
4 they are now rejected, and considerable logs is thereby incurred. 
» magnetic ores of Lake Champlain are exported to Vermont, where, 
veral years, a few bloomaries have been supplied with iron ore from 
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the west side of the lake. Three forge-fires were, in 1868, in operation vermont 


at Salisbury, and three at East Middlebury, Vermont, five miles from the 
Middlebury station onjthe"Rutland and Burlington Railway. The ore for 
this purpose is brought by water from Port Henry or Port Kent to Bur- 
lington, and thence by rail to Middlebury station. This is brought partly 
in lumps, which are crushed and washed at the forge, and partly dressed to 
a high degree of purity, and ready for use. 

Overman is, so far as I am aware, the only writer who has given any 
account of the American bloomary process. In his Treatise on Metallurgy 
(sixth edition, 1868, page 541), will be found a description, accompanied 
by figures. My own observation, as here given, have enabled me to verify 
the general correctness and trustworthiness of Overman’s statements 
with regard to this subject. 

The bloomary hearths or furnaces in different localities exhibit some lit- 
tle variations in size and in the details of their arrangements. The size of 
the hearth varies from twenty-seven by thirty to twenty-eight by thirty-two 
inches, and the height, from twenty to twenty-five incheg above the twyer, 
and from eight to fourteen inches below. The sides are made of heavy 
cast-iron plate, and the bottom, although often of beaten earth or cinders, 
is, in the best constructed hearths, also of iron, made hollow, and kept 
cool by a current of water, which is made to circulate through it. In the 
East Middlebury forges this bottom-plate is four inches thick, and has 
within it a hollow space of two inches. The side-plates, which slope gently 
inwards, in descending, and rest on ledges on the bottom-plate, are one 
and a-quarter inches thick. A water-box, measuring twelve by eight inches, 
is let into the twyer-plate, and a stream of cold water circulates through 
this box, and through the bottom-plate, as well as around the twyer. The 
length of the hearth, from the twyer-plate to that opposite, is twenty-four 
and a half inches, and the breadth from front to rear is twenty-nine inches. 
The twyer enters twelve inches above the bottom, and is inclined downwards 
at such an angle that the blast would strike the middle of the hearth. The 
opening of the twyer has the form of the segment of a circle, and is one 
‘inch high by one and three-quarter inches wide. In front of the furnace, 
at sixteen inches from the bottom, is placed a flat iron hearth, eighteen 
inches wide. The side-plate beneath it is provided with a tap-hole, through 
which the melted slag or cinder may be drawn off, from time to time. The 
iron plates used in the construction of these furnaces last for two years. In 
the furnaces used at the New-Russia works in Moriah, already mentioned, 
the iron bottom-plate is not made use of, the bed consisting of beaten-down 
earth or ashes. These furnaces have a depth of twenty-four inches, and 
measure twenty by thirty-two inches at the top, but are somewhat 
smaller towards the bottom ; the.twyer, in these, enters one of the narrower 
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sides of the rectangle. While these are somewhat smaller than the forges 
at East Middlebury, those lately constructed at Moisie are somewhat larger, 
measuring thirty by thirty-two inches, the bottom-plate being fourteen inches 
below the twyer, which is placed nearly horizontal, but of the same size as 
that described above. | 

The blast employed in the American bloomaries has a pressure of from 
14 to 13 pounds, and is heated by passing through a series of cast-iron 
tubes, placed in an upper chamber, above the furnace. These are in the 
form of inverted siphons, each limb being about seven feet in length, 
their exterior diameter seven, and their interior diameter five inches. At 
the East Middlebury forges the air is made to pass successively through 
three such tubes, heated to dull redness, and attains a temperature estima- 
ted at from 550° to 600° Fahrenheit. The use of the hot blast hastens 
the operation, and enables the workmen to produce a larger quantity of iron 
in a given time, than with the cold blast, while, at the same time, it effects a 
considerable saving in fuel. It is said that where 240 bushels of charcoal 
will produce a ton of iron with the hot blast, 300 bushels of the same coal 
would be consumed if the cold blast were used. The quality of the metal 
is supposed to be deteriorated if too hot a blast is used. With judicious 
management, however, the use of the hot blast offers great advantages over 


‘the cold blast, and has been very generally adopted in the American 


bloomaries. 

The working of these furnaces is conducted in the following manner: The 
fire being kept active, and the furnace heaped with coal, the coarsely pul- 
verized ore is scattered, at short intervals, upon the top of the burning fuel, 
and in its passage downwards is reduced to the metallic state, but reaches 
the bottom without being melted, and there accumulates, the grains agglo- 
merating into an irregular mass or loup, as it is termed, while the earthy mat- 
ters form a liquid slag or cinder, which lies around and above it, and is 
drawn off from time to time through the openings in the front plate. At 
the end of two or three hours, or when a sufficiently large loup is formed, 
this is lifted by means of a bar, from the bottom, brought before the twyer 
for a few minutes, to give it a greater heat, and then carried to the hammer, 
where it is wrought into a bloom ; the bloomary fire itself being generally 
used for re-heating. This operation concluded, the addition of ore to the 
fire is resumed, and the production of iron is thus kept up, with but little 
interruption. In this way, a skilled workman will, with a large sized fur- 
nace, bring out a loup of 300 pounds every three hours, thus making the 
produce of the day of twenty-four hours, 2,400 pounds of blooms ; in some 
cases, it is said, 1,500 pounds, and even more, are produced by twelve hours 
working. _ 

In this connection may be mentioned an arrangement, described and 
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figured by Overman, in which the waste heat from the forge, (or rather from 
two forges united,) passes into an oven or stove, placed at a level above the 
bloomary-fire, and there serves to re-heat the blooms, when it is required to 
draw them out into bars. A set of small blast-pipes, placed just above the 
forge, serves to heat a portion of air, which is led into the oven, and 
there burns any escaping carbonic oxyd gas. The air and gases from 
the re-heating oven are afterwards employed to heat the blast for the 
bloomary hearth, in the usual manner. I have not seen this arrangement 
in operation. 

The following observations will serve to give some notions of the working 
of the bloomary process in the United States. At the Ausable works, as 
already stated, the somewhat lean ores are dressed so as to yield about fifty 
per cent. of iron, two tons of ore being required for one ton of blooms, 
while at the New Russia forges, in Moriah, near Port Henry, where a 
nearly pure magnetite is employed, three tons of the dressed ore are stated 
to yield two tons of blooms. When it is considered that perfectly pure 
magnetite contains only 72.0 per cent. of iron, this proportion of 66.6 per 
cent., said to be obtained, shows a great economy in working. These 
figures, furnished me by the proprietor of the forges, Mr. Putnam, were 
afterwards confirmed by Mr. Pearson, the director of those at East Mid- 
dlebury, where the very rich ores from the same region are treated. The 
dimensions and construction of the New Russia forges have already been 
given. The pressure of blast employed was from 14 to 12 pounds, and 
the average produce of iron for each fire, 2,400 pounds of bloom-iron in 


twenty-four hours; the amount of charcoal consumed being from 250 to. 


300 bushels to the ton of blooms produced, and the weight of the charcoal 
from sixteen to eighteen pounds to the bushel. 

At East Middlebury, where, as just stated, the conditions are very 
similar, the estimated consumption of charcoal was 270 bushels to the ton 
of blooms, a result which is the mean of the figures obtained at the New 
Russia forges. Some of the ores here used contain a little phosphate of 
lime, and it was observed that when too hot a blast was used, although the 
production of metal was rapid, the iron from these ores was hot-short, 
while with the cold blast, formerly employed, the iron, although produce:l 
more slowly, was never hot-short. The force of the blast at these forges 
was equal to one and three-quarter. pounds, and even two pounds to the 
inch. Mr. Pearson, the director of the East Middlebury forges, made, in 
the autumn of 1867, experiments on several tons of the iron sands from 
Seven Islands, page 266, and succeeded in obtaining from them about three- 
eighths of their weight of good iron. He, however, found it necessary, in 
order to treat these fine sands, to reduce very much the force of the blast, 
an experience which has been confirmed by the practice at Moisie. It 
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appears to be from ignorance of this fact, that the bloomers of New York 
had always rejected the fine sandy ore separated during the process of 
washing, a8 being unsuited for treatment in the bloomary fire. 

At Moisie, although eight forges have been constructed, but four of them 
were in operation at the time of my visit in August, 1868, and the same 
number, I am informed, in October last, two of the furnaces not having 
yet been completed. A reverberatory furnace has, since my visit, been 
constructed, in which it is proposed to re-heat the loups for the second ham- 
mering, instead of returning them, as in most cases is done, to the forge-fire 
for that purpose. The opening of the twyers used measured one inch by 
one and seven-eighths ; they were inclined downwards at a very small 
angle, it having been found by experience that the considerable inclination 
which is used with the coarser ores cannot be advantageously employed 
with the fine sands. In like manner, as remarked above, it has been 
necessary to reduce the force of the blast, to from £ to 1¢ pounds, the 
average working-pressure being about one pound to the inch. According 
to the latest accounts, there were, in October, four hearths in regular opera- 
tion, requiring four bloomers, one assistant to furnish coal, etc., and one 
hammerer, being six men in all for each shift of twelve hours. Each 
hearth furnished eight loups daily, and the aggregate yield of iron was 
estimated at three tons, or three-quarters of a ton for each hearth, every 
twenty-four hours. The consumption of charcoal was 1400 bushels daily, 
being at the rate of 466 bushels to the ton of blooms, or 350 bushels to 
each fire. This charcoal is chiefly produced from spruce and fir, with some 
admixture of birch, the wood being mostly small, and the weight of the 
coal is stated to be fifteen pounds to the bushel. This gives a consumption 
of 6990 pounds of charcoal for the production of 2240 pounds of blooms, 
being at the rate of 8.12 pounds of charcoal for the pound of iron. If 
we compare this result with the figures given above, for those forges 
which treat nearly pure magnetic iron ores, we find that to produce a ton af 
blooms there are consumed, at East Middlebury, 270 bushels, and at New 
Russia from 250 to 800 bushels of charcoal, weighing from sixteen to 
eighteen pounds to the bushel. If we assume, in both cases, the greater 
weight, of eighteen pounds to the bushel, we have for 250 bushels, 4500 
pounds, and for 300 bushels, 5400 pounds of charcoal, the former corres- 
ponding to 2.01 pounds, and the latter to 2.41 pounds of charcoal to the 
pound of iron, or, taking the mean of the two, 2.21 pounds, as compared 
with the 8.12 pounds said to be consumed at the Moisie works. 

If now, we consider the relative sizes of the different bloomary hearths, 
we find them to be as follows :— 


New Russia............. 20 X 32 inches = 6,400 square inches. 
East Middlebury.......... 24 X 29 ,, «= 6,960 ,, ” 
Moisie eeseaaogacnoeeGenvnvnnauged 30 x 32 n — 9,600 [A] ” 
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The area of the Moisie hearths is, then, in round numbers, one and a-half 
times that of the others, and, with an equally powerfnl blast, they should 
consume one-half more charcoal. This increased size is, however, counter- 
balanced by the feebler blast, and we find that each fire at Moisie con- 
sumes, in twenty-four hours, 850 bushels of charcoal, equal to 5250 
pounds, which, from the caloulations already given for the New Russia 
forges, should produce, with an ore sfch as there treated, 2375 pounds 
of iron. In fact, the Moisie forges, according to the data before us, with 
an area one-half greater, consume daily the same weight of charcoal as 
those of New Russia, and produce only two-thirds as much iron. 

I have very recently been informed that, with careful management, it 
has lately been found possible so far to reduce the consumption of fuel 
at Moisie, that a ton of blooms can be made with 850 bushels of properly 
prepared charcoal. The consumption of ore, which formerly amounted to 
three tons or more for a ton of blooms, is also said to have been considerably 
reduced, the daily production of iron from each hearth, however, remaining 
the same as before. 

The cause of this small production of iron, as compared with the area Causes of tho 
of the farnace, and with the consumption of fuel, is not, in my opinion, to 
be found either in the reduced force of the blast or in the mechanical 
condition of the ore. A great heat is not required for the reduction of the 
oxyd of iron to the metallic state, and other things be equal, the finer its 
subdivision, provided it be not dissipated by the blast, the more rapid and 
more complete should be its conversion to the condition of metal, by tHe 
action of the reducing gases, as it passes downward through the mass of 
burning charcoal. Such coarse grains of ore as pass, incompletely reduced, 
through the ignited fuel, and in this state reach the slag below, have no 
chance of further reduction in the forge. Hence we may conclude that, 
the fineness of the ore, should, under favorable conditions, render the 
reduction more complete. 

The principal cause of the small yield of the Moisie furnaces is appa- 
rently to be found in the incompletely purified condition of the ore. It will nature of ore. 
be seen in the detailed analyses on page 267, that the iron sand, as now 
prepared for the forge, may, by the use of the magnet, be divided into two 
nearly equal portions. One of these is magnetic, and consists, for the 
greater part, of magnetic oxyd ; it contains over two-thirds its weight of 
iron, and is nearly equal in richness to the magnetic ore used in the New 
Russia forges. The other half is a highly titaniferous oxyd, mixed with 
more or less silicious matter, and containing only 44 per cent of iron ; and 
its admixture with the magnetic oxyd, which reduces the proportion of iron 
in the whole to 55 per cent, appears to be not merely useless, but actually 
prejudicial. 
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When an impure ore of iron is treated in the blast-furnace, certain 
substances, called fluxes, are added, which form fusible combinations with 
impurities. Thus, if the ore contains silica, a sufficient quantity of lime 
is smelted with it, and a silicate of lime is formed, while the oxyd of iron, 
being left free, is wholly reduced to the metallic state. In the direct 
method, on the contrary, no fluxes are used, and if silica be present in the 
ore, it combines with a portion of. the oxyd of iron, forming a silicate of 
iron, which melts into a slag or cinder, from which the iron cannot be sepa- 
rated in the forge. Thirty parts of silica will, in this way, unite with 
seventy-two parts of protoxyd of iron, equal to fifty-six parts of metallic - 
iron. In the case of the somewhat silicious ores of the Pyrenees, treated 
in the Catalan forge, we have seen that three-tenths of the iron present 
in the ore pass into the slag, and the loss would be much greater did not 
these ores hold a considerable proportion of manganese, lime and other 
bases, which help to satisfy the affinity of the silica, and to leave the iron 
free. Such substances as these, play the part of fluxes with a silicious ore, 
but if they are wanting, a portion of the oxyd of iron itself is consumed 
for the purpose, forming, in fact, the only flux for the silicious impu- 
rities, when such an ore is treated by the direct method in the bloomary 
fire. Whenever, in the Catalan forge, the American bloomary fire, or 
any other direct method, we have to treat an ore containing free silica, 
provided other bases are not present, we must always allow oxyd of iron, 
in the proportion already indicated, for the saturation of the silica, being at 
the rate of nearly two parts of metallic iron for each part of silica present 
in the ore. It is for this reason, it may be remarked, that kiln-burned 
charcoal is to be preferred, for the bloomary hearth, to charcoal made in 
piles ; the latter being generally more or less impure from adhering silicious 
earth, which, by combining with oxyd of iron, causes a waste of the ore. 

The quartzose sand which is mixed with the iron sands, is nearly pure 
silica, and the oxyd of titanium which they contain, appears, from the 
analyses of slags given below, to require, for fluxing it, as much oxyd of iron 
as the silica itself. These slags, in case no other bases than oxyd of iron 
are present, should approach very closely to the composition of a tribasic 
silicate of protoxyd of iron, which, as already explained, contains 80 of 
silica to 72 of protoxyd of iron, or 29.40 per cent. of silica, and 70.60 
of protoxyd, equal to 54.9 per cent. of metallic iron. The highly titan: 
ferous slags produced at the Moisie furnaces, contain, in some cases, a 
still large proportion of oxyd of iron. 

Of the following analyses, I is of a crystalline, black, brilliant magnetic 
slag, which contained cavities lined with large pyramidal crystals, apparently 
dimetric in form. It was produced at the Moisie forges in the autumn of 
of 1867. II was a portion of the ordinary slag produced at the time of 
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my visit, in August, 1868, and was similar to the last, but somewhat moisi sage. 
vesicular, the cavities being lined with very small brilliant crystals. Both | ro) 
of these slags readily gelatinized when treated, in powder, with hydro- 4 
chloric acid. The residual silica, however, showed a portion of grains 
of undecomposed ore, which was larger in the second specimen; it was, 
in each case, deducted from the analysis. The whole of iron in both 
of these slags is represented as protoxyd, and the results are compared 
with those of two analyses of the non-magnetic portion of the ore, copied 
from pages 267 and 268, and here given under III and IV. 











I II II. IV. 

Protoxyd of iron........... 67.14 52.31 58.20 56.38 
Oxyd of manganese ........ undet. 2.04 = ace. 1.10 7 
Lime .............,....... 137 ..... | 95 | 
Magnesia... sscccccccccsecs 80 18  ..... wane h 
Aluming ..,... so... . .56 sec à 
Titanic acid «ss see cesses 20.07 34.05 30.74 28.95 
Silica 2. cccesccescccccevces 8.75 11.29 6.14 8.75 

98.13 100.42 swe ee «err veer 
Metallic iron...........,.... 52.22 40.68 45.26 43.85 


From a comparison of the above analyses it will be seen that the first slag 
contains more oxyd of iron than the non-magnetic portion of the ore ; which, 
in the conditions of working, at the time the slag was produced, actually 
dissolved and carried away a considerable portion of the reducible ore. 
If we were to regard one half of the washed ore as composed of pure 
magnetic oxyd, this, were it wholly reduced, could only yield an amount 
of metallic iron equal to 36 per cent; but the magnetic ore, as we have 
seen, still retains more than 6 per cent of silica and titanic acid, which must 
be removed by fluxing with a portion of the oxyd of iron present, giving 
rise to a certain amount of slag. Meanwhile the non-magnetic ore, in 
melting, removed another portion of iron oxyd, so that when this slag 
was made, more than three tons of a mixed ore, having the composition 
above given, must have been consumed for the production of a ton of 
blooms ; while, of the magnetic portion of the ore, one and a-half tons, or a 
very little more, would suffice. (In the production of the slag IT the loss 
of iron was somewhat less.) This explains why the Moisie furnaces 
have yielded, when compared with those of New York and Vermont, so 
small an amount of iron for the labor employed and the fuel consumed. To 
produce a ton of iron it has been necessary to handle twice as much ore as 
is required in forges where a pure ore is treated, and moreover one and 
a-half tons, or more, of worthless material have been fused, and got nid of 
as slag, thus involving a great waste of fuel, as well as of labor. It may 
here be remarked that a portion of slag taken by me from the East Middle- 
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bury forges, contained according, to Mr. Broome’s analysis, 48.2 per cent 
of iron (equal to 62.06 of protoxyd), and 16.70 of silica, besides 17.33 of 
alumina, and 1.82 of oxyd of manganese. The amount of slag produced by 
the rich ores which are treated at these forges,is comparatively very small. 

It would seem probable that by a judicious management of the working, 
the waste of iron in the slags at Moisie, might be considerably reduced, 
and this result, we are assured, has lately been attained ; but it will still 
remain true, that a large amount of iron-oxyd must be consumed to flux the 
considerable proportions of silica and titanic acid, which are present in the 
mixed ore, even after careful washing. 

It should here be explained that the result would be far otherwise if this 
ore, with all ita impurities, were to be fused in a crucible with carbon- 
aceous matters, with, or even without proper fluxes. In the former case, 
as in a blast-furnace, the whole of the iron which it contains, amounting 
to not less than 55 per cent., might, by judicious admixture, be set free, 
and reduced ; and in the latter cases, without fluxes, it has been shown by 
Percy, that by fusion at a high temperature, in a crucible lined with 
charcoal, the tribasic silicate of iron, already noticed, gives up two-thirds 
of its iron, which is reduced to the metallic state, so that the amount of 
unreduced oxyd retained by the slag would be inconsiderable. From this 
it is evident that the results of fire-assays, or trials on a small scale in 
crucibles, cannot serve as a guide to the working of iron ores in the direct 
method. 

A certain amount of lime added to the ore, would doubtless reduce the 
waste of iron in the slags, and thus allow more iron to be obtained from 
the mixed ore ; but although such an addition is useful in the blast-furnace, 
it would require experiments to determine whether the practice could be 
advantageously introduced in working in the bloomary-hearth. In a region 
where the ore is so abundant and so cheap as it is at Moisie, the saving 
of iron is a consideration which should be subordinate to the economy of 
fuel and labor, and the most profitable way of working these iron-sands 
would seem to be by separating and rejecting the non-magnetic portion, 
by some apparatus like that described farther on. 

The quality of the iron produced at the Moisie forges is superior. As 
the result of experiments made upon it in England, it is said to possess a 
tensile strength greater than that of Low Moor iron, and to work easily 
both hot and cold. It is now employed at Montreal for the manufacture 
of railway axles. 

The fact that those objectionable elements, sulphur and phosphorus, 
occur in but very small quantities in the iron-sand of Moisie, has already 
been noticed. It is prebably to the absence of these that the excellence 
of the Moisie iron is due. In a specimen taken from a bloom which was 
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made in my presence, at the Moisie forges, the presence of sulphur could 
be detected by delicate tests, but its amount was only .0094, or less than 
15.ke5 > While the quantity of phosphorus present was equal to ‘0184 
per cent. This iron contained no trace of titanium in its composition, 
and a small mass of white crystalline cast iron, which had accidentably 
been formed in one of the forges, was equally destitute of titanium. 

The cost of producing a ton of iron blooms directly from the ore, by the Cost of bloom. 
bloomary process, varies greatly with the price of the dressed ore, which ~” 
will depend on the proximity of the mine to the forge, and the richness of 
the crude ore. Thus, the cost of the two tons of dressed ore employed to 
make the fine iron of the Ausable forges, was estimated by Mr. Rogers, in 
1868, at not less than $18:00, while the one and a-half tons of ore con- 
‘ sumed at New Russia, would not probably cost more than one-half that 
sum. The following estimate made by a highly competent iron-master, 
in 1868, may serve as a guide to the cost of producing iron at that time 
in New York :— 





2 tons of OFO-.cccrcccccvecesececssccrccccesed $10.00 
300 bushels of charcoal @ 8c..............,.., 24.00 
Wageieccerccccccccccccvcessscceveseseccces 9.00 
General expenses........., os. bee re cecences 3.50 
Cost of the ton of blooms..............so.ue $46.50 


The above prices are in American currency, which, at that time, was 
equal to about ,4%, making the gold-value $87°:20. The estimate of 
another manufacturer, in Clinton county, gave 97°00 for wages. It will 
be observed, moreover, that the amount of charcoal, in the above estimate, 
exceeds the average consumption for the production of a ton of blooms, 
which may be taken at about 270 bushels. 

To produce a ton of blooms from cast iron, in what is known in Sweden, comparative 
as the Lancashire hearth, there are consumed, according to an authority °* 
cited by Percy, 28 cwt. of pig iron, and ,% tons of charcoal. In New Jersey 
and Pennsylvania the conversion of the pig iron, is, for some purposes, 
effected by a somewhat similar process, which involves two operations, the 
melting in the running-out fire, and a subsequent treatment in the 
sinking-fire, as it is called, which is a bloomary forge very like that used 
for the ore in the direct method. To produce a ton of blooms in this 
way, there are consumed 24 cwt. of pig iron, and 100 bushels of charcoal, 
according to one authority, while another estimate gives 120 bushels ; 
the quantity varying both with the quality of the crude metal, and the 
charcoal ; while, with some arrangements, the consumption of fuel is much 
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greater. The mean of these, 110 bushels, at 18 pounds to the bushel, 
would give, almost exactly ,% of a ton, the amount used in Sweden. 
The quantity of charcoal consumed for the production of a ton of pig iron 
in the United States varies greatly, but in the best constructed and more 
modern furnaces, like those of Michigan, with rich ores, will not exceed 
130 bushels of charcoal of the above weight, which gives, for 24 ewt. of 
pig iron, 156 bushels. (See page 256.) This, added to 110, equals 266 bushels, 
the total amount of fuel required to produce a ton of blooms by means of 
the blast-furnace with the charcoal-finery. There would appear to be but 
little difference, so far as the consumption of the fuel is concerned, between 
the cost of producing bloom-iron by the direct and indirect methods just 
described. The first cost of the establishment for the former is, however, 
less, and this is probably one of the reasons which has led to the adoption . 
of the direct method by the bloomary forge in northern New York. 

The conversion of the oxyd of iron to the metallic state, under the 
influence of solid carbonaceous matter, or reducing gases, takes place at a 
temperature considerably below that at which the affinity of silica for the 
oxyd of iron is exerted. Even the compound of titanic acid with oxyd 
of iron is decomposed at a red heat in contact with hydrogen gas, the 
iron being wholly reduced to the metallic state. If it were possible to 
effect this reduction, and subsequently to eliminate the silica and titanic 
acid from the metallic iron, ores containing these impurities might be made 
available for the direct method of conversion ; but the practical difficulties 
of effecting such a separation are such that the only available modes of 
treating such ores as contain considerable amounts of these impurities, 
are to smelt them in the blast-furnace with proper fluxes, or to effect as 
complete a separation of the impurities as possible, before submitting them 
to the process of reduction. This, in the case where heavy granular ores 
are mixed with quartz and feldspar, as for example, at the Palmer ore-bed, 
already noticed, is attained by washing away the lighter materials. Where, 
however, the impurity is chiefly titaniferous iron, as in the Moisie sands, 
the separation may be readily effected by means of magnets, a process 
which is equally advantageous where magnetic iron ore is mixed with 
lighter impurities, as quartz or silicious minerals. 

The use of magnets for this purpose has long been taken advantage of, 
and various machines with permanent and with electro-magnets have been 
contrived. A simple and ingenious arrangement for this end, which has 
been invented and patented by Dr. F. A. H. Larue, of Laval University, 
Quebec, appears to be novel in the mode of its working, and is very 
efficient and cheap. The mixed sand or crushed ore is poured through a 
screen, into a hopper, the discharge of which is so arranged as to 
open and close at proper intervals of time, and, falling from this, is spread 
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in a thin and uniform layer, upon a series of aprons arranged, with Larae’s mage 
interspaces, between two parallel endless bands, which pass over two. 
horizontal cylinders. These aprons, charged with ore, are made, by the 
movement imparted to one of the cylinders, to pass from beneath the 
hopper, and under a series of permanent horse-shoe magnets, 800 in number, 
each capable of sustaining about five pounds weight, arranged upon 
transverse bars, in five rows of 160 magnets each. Beneath these is a 
tympan, covered with muslin, which, when the iron ore is passing beneath 
them, is in the contact with the poles of the magnets. So soon, however, 
as the magnetic portions of the ore have arranged themselves, by magnetic 
attraction, in adhesion to the under side of the tympan, and the apron 
has moved from beneath, and gone forward to discharge the non-magnetic 
portion of the ore at the foot of the machine, the tympan is momentarily 
withdrawn a short distance from the poles, and the adhering magnetic ore 
falls in the open space between two aprons, into a receptacle placed below. 
This process of loading and unloading the magnets can be repeated twice in 
each minute. 

These machines, as now constructed, occupy a space of about six feet by 
five, and are four feet high; they are said to cost, at Quebec, at about 
$500 each. One, of these dimensions, will, according to Dr. Larue, treat 
in an hour, three tons of sand holding one-third of magnetic ore, separating 
from it one ton, containing over ninety-nine per cent of magnetic grains. 
I have myself seen only a smaller machine, the first one constructed, 
which had a capacity of about one-half that just stated. The motive 
power required is very small, and the mechanism, as will be seen from the 
description, exceedingly simple. Dr. Larue observes, that, inasmuch as a 
rich sand may be passed through the machine as rapidly as a poor one, the 
yield is directly proportionate to the amount of magnetite present, so that 
a sand containing one-fourth as much as that above mentioned, would 
yield about six tons of purified sand in twenty-four hours. Even very 
poor sands may, probably, with this machine, be treated with advantage. 
The same process of purification may doubtless be applied with advantage, 
after crushing, to the preparation of lean massive magnetic ores for the 
bloomary fire, or for other direct methods for conversion into iron and 
steel. A process of partial reduction, at a low red heat, will render non- 
magnetic iron ores attractable by the magnet, reaction of which Chenot 
long since proposed to take advantage, for the purification of such iron ores 
as are not naturally magnetic. | 

In accordance with the well-known fact that the reduction of oxyd of 
iron takes place at a temperature very much below that required for its 
subsequent carburation and fusion, it has been shown that the charge of 
ore in a blast-furnace is converted to the metallic state some time before it 
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descends to the zone in which melting takes place. It forms, when reduced, 
@ spongy mass, readily oxydized, which, by proper management, can be 
compressed and made to yield malleable iron, or by appropriate modes of 
treatment, may be converted into steel. This fact has been the starting 
point of a great number of plans designed to obtain malleable iron and 
steel, without the production of cast-iron and the employment of the 
processes of puddling and cementation. This, it is true, is attained in 
Catalan and bloomary forges, but the attention of many inventors has 
been, and still is, directed to the discovery of simpler, or at least of 
more economical methods of obtaining similar results. A short sketch of 
the various new processes will not be without value, as bearing upon the 
utilization of the iron ores of Canada, and especially of its iron sands. 

Of these, the method of Chenot is best known. His experiments seem 
to have been commenced about forty years ago, since we are informed 
that he had erected a large furnace for the direct treatment of the ores of 
iron, in 1881, although his results were not brought before the public until 
twenty years later, at the International Exhibitions of 1851 and 1855. I 
was a member of the International Jury at the latter, and had an oppor- 
tunity of studying Chenot’s process as then conducted, on an industrial 
scale, at Clichy, near Paris. A description by me of the process as then 
and there practised, will be found in the report of the Geological Survey 
for 1855-57 (page 397). Rich peroxyd ores were broken in small pieces, 
mixed with a portion of charcoal, and placed in large vertical rectan- 
gular muffles or retorts, enclosed in a gas-furnace, and heated to redness. 
The ore, after being reduced to the state of metallic sponge, passed down- 
wards into an air-tight cooling-chamber, which was a continuation of the 
muffle, and when sufficiently cooled, was withdrawn. The spongy metal, 
thus obtained, was then exposed to a welding heat in a proper furnace, and 
formed into balls, which were afterwards treated like the balls from a 
puddling-furnace, and gave malleable iron. By impregnating the metallic 
sponge with oily and tarry matters, and afterwards expelling these by 
heat, a sufficient amount of carbon was fixed in the metallic sponge to 
convert it into steel. By grinding, compressing and melting this carbon- 
ized sponge, cast-steel of a superior quality was manufactured at prices 
which, it was claimed, were much below the cost of steel prepared by 
cementation of bar iron. This process was subsequently introduced in 
several places in France, Belgium and Spain, where it was applied to the 
manufacture of bar iron, and up to 1863 at least, was worked on a con- 
siderable scale at Baracaldo, in Spain, where, in 1859, about ten tons of 
iron were manufactured daily from iron sponge. 

A very important modification of the process already described, in 
which the heating was effected externally and indirectly, consisted in the 
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internal or direct method of heating. In this the outer furnace and the Chenot’s direct] 


admixture of charcoal with the ore were both dispensed with. The vertical nes 


reduction-chamber was filled with ore only, which was reduced by the 
action of currents of heated carbonic oxyd gas, obtained by forcing 
air, at a pressure equal to half an inch of mercury, through two gene- 
rators filled with ignited charcoal. This mode of producing the sponge 
was found much more economical than that by indirect or external 
heating. The working results of the direct method, as carried on at 
Lamarade, in Spain, in 1863, are given by Percy ; from which it appears 
that for the production of one ton of blooms, there were consumed 1.87 
tons of charcoal. The greater part of the fine Swedish iron used at Shef- 
field for the manufacture of steel, is produced from charcoal-made pig, 
treated in a charcoal-finery, known as the Lancashire hearth, and is 
obtained with a consumption of charcoal, which, for the united processes 
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of reduction and refining, amounts to 1.90 tons for the ton of blooms, a © 


result almost identical with that of the process of Chenot. (Percy, Metal- 


lurgy, pp. 842-596.) The modified Catalan forge, and the American: 


bloomary fire, as we have seen, produce malleable iron with a consumption 
of charcoal which is not very much greater, and with a simpler, and probably 
less expensive apparatus than that required for the Chenot process ; while 
the method by the blast-furnace permits of the use of ores which are unfit 
for treatment by any of these direct processes. 

The patents granted to Clay, in England, in 1837 and 1840, were for 
the manufacture of malleable iron by a process essentially the same with 
Chenot’s earlier method of indirect or external heating. According to 
Clay, hematite ores were mixed with one-fifth of their weight of charcoal, 
coke, or other carbonaceous matter, and heated to bright redness in a clay 
retort, or other suitable vessel, until the ore was converted to the metallic 
atate. When the reduction was complete, the spongy iron (without previous 
cooling, as in Chenot's plan,) was transferred directly to a puddling- 
furnace, where it was brought at once to a welding heat, made into balls, 
and then wrought into blooms in the usual manner. This process was 
tried on a pretty large scale near Liverpool, in 1845-46, and although 
iron was regularly made by it for some time, and to the amount of 1000 
tons, the process was not found to be commercially profitable, and was 
abandoned. 

The process of Renton, patented in the United States in 1851, was 


very similar in principle and mode of working to that of Clay. The mix- “™ 


ture of ore and coal was introduced into a vertical muffle or retort, which 
was inclosed ‘in the flue or chimney of a furnace, not unlike an ordinary 
puddling-farnace. The contents of the muffle, being sufficiently heated, 
were reduced to the metallic state, and, from time to time, discharged from 
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the bottom, into the furnace, where the spongy iron was exposed to a 
welding heat, and wrought into blooms. This process, after having been 
essayed on an industrial scale at Cincinnatti, and at Newark in New 
Jersey, was abandoned. À similar fate attended the trials, on a large scale, 
of Harvey’s patented process, at Mott Haven, near New York, about the 
same time. In this, the coarsely powdered ore, mixed with charcoal, was 
placed on inclined trays or shelves of steatite, in a heated chamber con- 
nected with a welding or balling-furnace. The flame from a fire below 
was made to pass through the chamber, and the ore, being at length reduced 
to the metallic state, was transferred to the hearth below, and there 
converted into blooms. For a farther description of these various pro- 
cesses, and the similar plan of Yates, the reader is referred to Percy's 
Metallur y, pp. 330-848. 

Chenot’s plan of reducing the ore by a current of carbonic-oxyd gas, 
was adopted by Gurlt, who used the direct mode of heating, already 
noticed. The gases from the generators charged with fuel, were led 
through flues, into the vertical reducing-chamber, a blast of air being at 
at the same time introduced into the flues, in sufficient quantities to keep 
up the combustion of the gases. By this means, according to the speci- 
fication, ‘‘there passes into the shaft a mixture of flame and carbonizing 
and reducing gases, by which the iron ore is heated’”’ and carbonized. 
According to Gurlt’s patent-specification, (No. 1679, London, July 16, 
1856,) by continuing, for a sufficiently long time, the action of the gases, 
the resulting iron sponge may be more or less carbonized, so as to yield, by 
subsequent fusion, either cast iron or steel. These partially carbonized 
products he proposed to melt in a reverberatory gas-furnace, the blast of 
air into which is to be “‘so regulated that it exactly burns the gas produced 
in the generators,’ and that neither unburned gases nor unconsumed air 
escape ; the object being to obtain a neutral flame, which should not 
alter the sponge upon the hearth. In this way carbonized sponges from 
rich ores, are said to have been successfully converted into cast iron in 
Spain. 

Gurlt’s ingenious specification thus involves the idea of first reducing 
the iron ore to a metallic sponge, and afterwards carbonizing this sponge, 
so that, by subsequent fusion, it may be converted into cast iron or steel. 
Although the conception of thus carbonizing the iron while in a spongy 
state, is probably novel, the use of carbonaceous gases or vapors for 
carbonizing iron, and converting it into steel, is not new, as may be seen 
from the patent for this purpose granted to Macintosh in 1825. The 
experiments of Percy upon iron wire have also shewn the rapid carbonizing 
effect of coal-gas and heavy oily vapors, like those of paraffine ; (Metallurgy, 
pages 109 and 778) and, according to Marguerite, carbonic-oxyd gas, at 
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an elevated temperature, yields up a portion of its carbon to iron, which is | | 
thus converted into steel. Practical difficulties have hitherto prevented D 
the application of hydro-carbon gases and vapors to the carbonizing of bar 
iron on a large scale. 

With the results of Chenot, Gurlt, and Macintosh before us, we are “, 
prepared to understand the process of Dr. George Hand Smith, of 4 
Rochester, New York, which is just now attracting some attention in the oi 
United States, for the production of steel. The crushed and purified ore, oi 
or iron sand, mixed with a portion of pulverized charcoal, is heated in a ' 
kind of reverberatory furnace, with an arrangement which permits the 7 
vapor of petroleum or coal-tar to pass through the mass, thus aiding in the 
reduction, and finally carbonizing the resulting sponge, which is then trans- 
ferred to a puddling-furnace, to be wrought into iron, or, if properly car- 
bonized, into steel. 

Before proceeding farther, mention should be made of some other Plans for work- | 
methods which have been devised for the treatment of iron sands, and for 5 ° 
their conversion into iron or steel. In 1851 a patent was granted to 
Stenson, for a process for working the iron sands of New Zealand, and 
similar ores from India. These were to be mixed with small portions of 
clay and lime, with or without the addition of charcoal; the mixture was 
ground in à pug-mill, with water, and formed into lumps, for subsequent 
treatment in the blast-furnace. In 1862, Moreau proposed to mix iron 
sands with iron filings or turnings, and then incorporate them with fuel, 
such as peat-coal or coke; the mixture being made into blocks, which were 
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to be smelted in suitable furnaces. In 1866, Mr. James Hodges, who was | | i 
not acquainted with the experiments of Moreau, moulded the iron sands of Le 
Moisie into blocks with peat, and by treating these, after drying, in a proper 4 


furnace, succeeded in converting the ore into malleable iron, at a single 
operation. (Report of Geological Survey for 1866, p. 291.) 

Messrs. Whelpley and Storer of Boston effect the reduction of the iron 
sand ore, or pulverized ores, on the hearth of a reverberatory furnace, which 
is heated, in part, by pulverized coal, borne by a blast of air over the fire 
of solid coal upon the grate. In this way the furnace-chamber is filled 
with a volume of burning coal-dust, which can, by regulating the supply of 
coal and of air, be made either oxydizing or reducing. The.heated ore 
upon the furnacé-hearth is thus reduced to the metallic state, balled and 
made into blooms, with, it is claimed, a great economy of fuel. 

Tt has also lately been proposed to convert these sands into steel or cast 
iron, by melting with a sufficient admixture of charcoal in crucibles, or 
other closed vessels, heated from without. This is, in fact, nothing more 
than an extension of the dry method for assay of iron ores. A patent for 
making steel in this way, by treating rich ores, mixed with carbonaceous 
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Bteel direct from matter, in air-tight melting-pots, was granted to Lucas, in 1791, and a 


similar claim was made by David Mushet, in 1800; while, according to 
Percy, ‘experiments in the direct production of cast steel from iron ores, 

in crucibles, were made by Riley, at Dowlais, a few years since, and 
although excellent steel was occasionally produced, it was not found pos- 
sible to ensure uniform results.” (Metallurgy, p. 765.) 

More recently, Ponsard has brought forward a similar process, the 
results of which were communicated to the French Academy of Sciences, 
July 19, 1869. This arrangement consisted of a number of fire-proof 
crucibles, about eight inches in diameter and forty inches high, which were 
placed in a reverberatory gas-furnace, the mouths of the crucibles being 
fitted into openings in the furnace-roof, for convenience of charging. The 
lower part of the crucible is perforated, and rests on the sole of the 
furnace, which is furnished with gutters leading to a depression or basin 
in the middle of the furnace-hearth. The crucibles are charged with the 
ores, mixed with proper fluxes, and about twelve per cent. of carbon, suff- 
cient to effect the reduction and carburation of the iron, which, under the 
influence of a very intense heat, melts, and, running through the holes in 
the bottom of the crucible, collects in the basin in the middle of the fur- 
nace. According to Ponsard, a ton of coal is consumed for each ton of 
iron produced, so that the process cannot be recommended for its economy 
of fuel. He, however, claims as a great merit of this process, the complete 
separation of the fuel from the carbon required for the reduction of the 
ore, 80 that for the furnace, inferior kinds of combustibles, which, if brought 
directly in contact with the ore, would injure the quality of the metal, 
may be used with safety and advantage. 

The process patented by Johnson, Jan. 22, 1868, as described in the 
Practical Mechanics’ Journal for June, 1869, (quoted by Osborn in his 
Metallurgy of Iron and Steel, page 868) is, however, exactly similar, in 
all its details, to that of Ponsard, which was first announced as a novelty to 
the French Academy, July 19, 1869, eighteen months later. In a specifica- 
tion dated at Quebec, July 16, 1869, Dr. Larue claimed, and subsequently 
received letters-patent for Canada, for a process similar in design to that 
of Johnson, of which he was ignorant. Although there were differences 
in detail, the avowed object in both plans was to separate the ore, with the 
carbon required for its reduction, from the fuel, (which might, conse- 
quently, be of an inferior quality,) and to permit of a continuous charging 
and discharging of the crucible. The difficulty of constructing sufficiently 
refractory crucibles for the intense temperature, and the small yield to be 
expected from such a process, would perhaps prevent it from ever bemg 
used for the manufacture of cast iron. Dr. Larue, however, anticipated 
its application to the production, not of cast-iron, but of cast-steel, which 
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would require a very nice adjustment of the proportions of carbon to 
secure a uniform quality in the product ; as in the ancient processes of 
Lucas and Mushet, and the more recent experiments of Riley, mentioned by 
Percy, and referred to above. 


Two processes for the production of steel are those which depend, Cast steal. 


respectively, on the combination of cast iron in proper proportions with 
malleable iron or iron sponge, and with oxyds of iron. In the specification 


of a patent granted in 1839, Heath claimed the production of steel by Heath's patents. 


melting with cast-iron, either wrought iron, or oxyds of iron or manganese. 
In a second patent, granted to him in 1845, he described an arrangement 
by which the cast-iron was kept in a molten condition, in a gae-furnace, 
while pure iron in scraps, or in sponge, obtained by redueing oxyd 
of iron, as in Chenot’s and Clay’s method, was added from time to time; 
until, by trial, the proper quality of metal had been obtained, after which 
the liquid steel was run into ingots. Other processes, based on the reactions 
embodied in Heath's first patent, are those of Uchatius, (patented in 1856, ) 
who melts granulated cast iron in crucibles, with a certain proportion of 
pure oxyd of iron, and thus obtains a fine quality of steel, (a process 
already specified in Wood’s patent, in 1761) ; and that of Brown, (patented 
in 1856) who, to produee steel, melts, in crucibles, mixtures of pig iron 
and clipped bar iron. This method is practised to some extent in Sweden, 
where it is known as the Obersteiner process. 

In the process of Obuchow, which appears to be successfully used in 
Russia, fine pig-iron is melted, and run into a large crucible, previously 
heated to whiteness, and holding magnetic iron ore, alone, or with titanic 
iron sand and iron and steel scraps. The crucible is then heated till the 
contents are perfectly fluid, some nitre and arsenious acid are added, and 
the steel run into ingots. By a somewhat similar process to this, Ellers- 
hausen attempted to produce steel, by pouring molten cast-iron upon 


previously oxydised sheet-iron, heated to redness, and placed in a heated Euershasson's 
vessel. The oxyd dissolved in the molten iron with violent chemical °°" 


action, decarbonizing it, and producing a kind of steel; but it would pro- 
bably be difficult to effeet a thorough conversion of the iron without keeping 
up the heat.from without; which was not done in Mr. Ellershausen’s first 
experiments, made in Montreal, in the spring of 1868. 

The above processes, however, involve the use of crucibles, and it had 
become a great desideratam to produce cast steel upon the open 
hearth. This was the aim of Heath, in his process described above ; but 
the difficulties in producing and controlling a heat sufficient for the purpose, 
were #0 great as to render the efforts in this direction but partially success- 
ful, until the regenerative gas-furnace of Siemens placed in the hands of 
metallurgists the means of fusing large bodies of steel on the hearth of a 


Vv 





Martin’s steel 
process. 


its operation. 


Bessemer’s pro« 
cess. 


Heaton pro- 
cess. 


294 GEOLOGICAL SURVEY OF CANADA. 


reverberatory. Provided with this, the Messrs. Martin, of Sireuil in 
France, have succeeded in producing cast steel, in charges of three and 
four tons at a time, by melting down wrought iron in a bath of cast iron, 
by what is now known as the Siemens-Martin process. The products thus 
obtained, attracted much attention at the Paris Exhibition, in 1867, and 
the process has since been widely adopted in Europe and in the United 
States; where it was first introduced by Messrs. Cooper, Hewitt & Co., 
and is now in suecessful operation at their works at Trenton, New Jersey. 

Beginning with a bath of six hundred weight of pig iron on the hearth, 
malleable iron, as puddle-bars, for instance, is added, previously heated to 
whiteness, and rapidly dissolves in the molten cast iron, until, at the end 
of about four hours, the charge amounts to three tons, and will be found 
to consist of a soft, nearly decarbonized metal. It is then recarbonized 
by the addition of from five to eight per cent. of spiegeleisen (manga- 
nesian cast iron), as in the Bessemer process, and run in moulds. The 
bath of molten metal, during the process, is protected by a covering of 
fused slag or cider. 

The furnace-bottom for this process is made up of a silicious sand, which 
must not be quite pure, but contain some alumina or other bases, so that, 
under the influence of the high temperature, it may harden, without melting, 
forming an impervious crust, which will resist, for a considerable time, the 
action of the molten steel. The upper part of the furnace is built of 
Dinas fire-brick. Attempts have been made to use an admixture of oxyd 
of iron with the pig metal, in this process ; but it is found that the corro- 
sive action of the oxyd, at a high temperature, upon the furnace-bed is 
such as to preclude its employment. The entire cost of a furnace with a 
capacity of producing three tons of cast steel, with gas-producers, gene- 
rators, and all the apparatus for moving the ingot-moulds, is, in England, 
about £500 sterling. , 

This process, it is true, cannot compete with the Bessemer or pneumatic 
method for the cheap production of cast steel in large quantities ; but while 
the latter is applicable only to certain fine kinds of cast iron, comparatively 
free from phosphorus and sulphur, the process in the open hearth 
permits the employment of other qualities of iron. These, in being 
reduced, by puddling or otherwise, to the condition of malleable iron, are 
deprived of the impurities prejudicial to steel, before being added to the 
iron bath. While, therefore, the Bessemer process will probably remain 
without a rival for the treatment of the purer cast-irons, the production of 
steel by the open hearth will perhaps become even more important, 
because of wider application. The Heaton process, for which so much was 
claimed as a method for the production of steel from impure cast iron, by 
the action of nitrate of soda, appears, from the late careful studies of 
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Gruner, destined to become subsidiary to the production of steel in the 
open furnace. Gruner concludes that it “can never, from any point of 
view, become a substitute for the Bessemer and Martin processes. These 
produce ingots of steel, or homogeneous iron, from pure brands. The 
Heaton process deals with impure brands, and seeks to convert them into 
a refined metal, more or less purified, the treatment of which has to be 
finished in a Siemens furnace.”” He further declares that the only 
advantageous way of treating the products of the action of nitrate of soda 
on cast iron, is to submit them to the Siemens-Martin process. (Annales 
des Mines for 1869, fifth part.) 

. Mr. Bessemer has very recently made experiments upon the working of 
his process, under pressure, by which he obtains such an elevation of tem- 
perature, as, itis expected, will enable him to introduce malleable iron into 
his converters, and thus effect in them what Martin does upon the open 
hearth. In the mean time Siemens has, by the aid of his furnace, been ~ 
able to carry out a part of the original plan of Heath, who, in 1845, Siomons's direct 
proposed to reduce iron ores, by heating them, in small fragments, with 
charcoal, in a close vessel, as in the methods of Chenot and Clay, and to 
add the resulting spongy iron to the bath of molten cast iron. The reduc- 
tion 18, by Siemens, effected by a plan which combines the indirect and 
direct methods of Chenot. 

Above the furnace, and immediately over the bath of molten cast iron, 
which occupies the hearth, are two large tubes of refractory clay, enclosed 
in an outer casing, through which the flame from the furnace passes, and 
allows these tubes, or reduction-chambers, to be heated, with their contents, 
to redness. They are charged from the top with finely broken rich ore, 
through which a current of previously washed and purified carbonic oxyd 
gas, from the common gas-generator of the furnace, is forced, and reduces 
the ignited ore to the condition of a metallic sponge of pure iron; this, 
descending, is at once dissolved in the molten cast-iron bath, and effects its 
conversion to steel, precisely as in Martin’s plan, where solid malleable 
iron is made use of. In certain cases, as with very finely divided ores, the 
reduction is effected by an admixture of about ten per cent. of charcoal, 
or other carbonaceous matter. 

Siemens has already manufactured excellent cast steel by this method, 
and there is no doubt that, in the case where pure oxyds, free from sulphur 
and phosphorus, can be obtained, the mode of directly producing steel 
with spongy iron mayfbe advantageously employed. 

À simple and ingenious process, based, like that of Siemens, on the recxiers patent 
oirginal suggestion of Heath, has recently been devised and patented by 
Mr. Robert G. Leckie of Montreal. Having found that when finely- 
divided iron ore, as magnetic iron-sand, was made into lumps with peat, 
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coal, or other carbonaceous matter, not in excess, and exposed to redness, 
out of a current of air, there results a nearly pure spongy metallic iron, 
he proposes to obtain iron in this way, and add it to the bath of molten 
cast iron, in a reverberatory gas-furnace. The ore, agglomerated with the 
reducing material, is to be placed in one or more large chambers or ovens, 
in the rear of the hearth, and, when sufficiently heated to effect its reduc- 
tion, is to be added to the bath of molten iron. He expects soon to test, 
on a working scale, this mode of making cast steel in the open hearth, to 
which the purified magnetic iron sands of Canada, from their freedom 
from sulphur and phosphorus, would seem to be peculiarly well adapted. 

It is one of the great advantages of the Siemens furnace, that by a 
judicious regulation of the supply of air, and by proportioning it to the 
gaseous fuel, it is possible to obtain, at will, either an oxydising, a reducing, 
or a neutral flame ; a point of much importance in the fusion of metals in 
the open hearth, which was already indicated in Gurlt’s specification, 
as explained on page 46. | 

The employment of gaseous combusibles has been greatly extended 
since the successful use of the regenerative principle by Siemens. This 
consists in allowing the heated gases, after combustion in the furnace- 
chamber, to pass out, downwards, through two chambers packed with fire- 
bricks, so arranged as to allow a free passage of air between them, to 
which they impart their heat; the waste gases passing off into the 
stack at a temperature seldom above 300° Fahrenheit. After an interval 
of from half-an-hour to an hour, the current is changed, and the gases are 
led off through another pair of regenerators ; while those which had been 
heated by the escaping gases are now used to conduct the air and gas 
for keeping up the combustion ; these passing in through the heated 
regenerators, have their temperature greatly raised before entering the 
combustion-chamber. By alternately making each pair of regenerators 
the channels for the passage of the gases to be burned, and for the 
waste products of combustion, a very intense temperature is maintained in 
the chamber, with very little loss of heat. 

Coal and dry wood have generally been used in the gas-generators, 
where, by a partial combustion, the solid fuel is converted into com- 
bustible gases. With wet fuel, a large amount of steam becomes mingled 
with the gases, where its presence is very objectionable. This difficulty 
has, however, been entirely obviated by a system lately devised in Sweden, 
which may become of great advantage to Canada. I have therefore thought 
it best to copy from Mr. Abram Hewitt’s Report on the Production of 
Tron and Steel at the Paris Exhibition of 1867, the following account 
of this valuable invention. This report, published by the United-States 
Government, contains excellent drawings of the furnace : 
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“The furnace devised by F. Lundin, of Carlstadt and Munkfors, is Lundin’s to» 
designed for the consumption of turf and peat, without drying, and of wet 
saw-dust or other moist fuel; an invention deemed so valuable that the 
association of Swedish iron-masters have rewarded Lundin by a gift of 
$10,000, which, in Sweden, is a very considerable sum. In this furnace, 
the fuel is fed by a hopper, into a reservoir resting upon an inclined grate.. 
supphed from below with air from a blower. The products of the combustion. 
thus maintaimed, pass through a condenser, where all the moisture in the gas 
is condensed. The gas then passes to the heating-furnace, which is furnished: 
with Siemens’s regenerators.” 

It is found easy to use fuel holding as much as forty-five per cent. of 
water. The gas, as it issues from the producer charged with such wet 
fuel, contains one fourth its weight of watery vapor. It passes at once 
into a chamber in which, from perforated pipes, small streams of cold. 
water are discharged, crossing each other in various directions, and filling 
the chamber. By this, the gas is greatly cooled, and the acid and tarry 
matters present, with much of the steam, are condensed. It then passes 
through a second chamber, filled with wrought-iron bars, arranged like the 
bricks in the heat-regenerators, and kept cold by a stream of water 
trickling over them. The gas, which at the time of its escape from the 
producer, was heated to the melting point of lead, is thus cooled down until 
it retains only four per cent. of watery vapor. 

“ The expense of building a full-sized furnace, in Sweden, is about $2500 
in currency, and it is estimated that such a furnace will utilize 1700 tons of 
fuel in a year, at a saving proportioned to the cost of other fuel in the 
particular locality where it is employed. In Sweden, it is estimated that 
the annual saving, resulting not merely from the fuel, but from the repairs 
of the furnace, and the increased temperature, amounts to over $5000 — 
per annum, on the product of each furnace. ** ** * * * * * * The 
gas produced by seasoned wood contains more water than that which 
proceeds from the Lundin condenser. The duration of the furnace is 
simply surprising, and is to be attributed, probably, to the fact that there 
is no cinder. In eight weeks, the thickness of the roof, four inches, was only 
diminished from + to ¢ inch, and the side-walls were entirely uninjured. 
So wonderful is the success of this system of condensation, in connection 
with the Siemens regenerators, that, in Sweden, and, in fact, everywhere 
where moist fuel is employed, the Lundin furnace will supersede every 
other. Its great merit is, that it is available for any kind of fuel 
whatever. In the United States it is believed that this arrangement 
might be employed advantageously for washing the gas obtained from 
mineral coal; but its chief merit consists in the fact that in mineral 
regions, far removed from the coal fields, it is possible to establish iron, 
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works, using saw-dust or peat with entire success and great economy. In 
the lumber regions of Lake Superior it will be found to have a special 
value, because there is an abundant supply of pig-iron, accessible to the 
saw-mills on Green Bay and in Michigan, producing enormous quantities 
of saw-dust, slabs, and waste timber.” 

By the aid of the Lundin furnace, combined with the regenerators of 
of Siemens, Rinman has succeeded in producing steel by the Martin pro- 
cess, using only pine saw-dust for fuel. When such results can be obtain- 
ed with saw-dust, or with ordinary peat, the want of mineral coal need no 
longer be an obstacle to the development of the metallurgical industry of 
this country. 

The gas-furnace of Boétius, which is now used for zinc-smelting, and in 
many glass-works, in France, is simpler and less expensive than that of Sie- 
mens. It does not make use of the regenerative principle, and hence the 
waste heat can be employed or boilers or for other purposes. In this fur- 
nace, however, there being no condenser as in the Lundin system, only 
dry fuel can be made use of. The air which serves to burn the combusti- 
ble gases in the furnace-chamber, is heated by passing between the walls 
of the generator and an outer casing, these walls being made very thin, 
and supported at intervals, by bricks, which are built both into them 
and their envelope. Thisfurnace does not enable us to obtain a heat 
sufficient for the production of cast steel, but is well adapted for puddling 
and reheating iron, as wellas for zinc and glass-works, and is said to 
economize from 30 to 33 per cent. of the fuel. This description is taken 
from a paper by Gruner, professor of metallurgy at the Ecole des Mines of 
France, which appears, with working-drawings, in the Annales des Mines 
for 1869, fifth part. The same paper contains, also, descriptions, with 
drawings, of the Siemens-Martin steel process, besides an account of Pon- 
sard’s experiments, and of the Ellershausen process. 


THE ELLERSHAUSEN PROCESS FOR MALLEABLE IRON. 


The removal from cast iron of its carbon and silicon, and its conversion 
into malleable iron, is chiefly effected in two ways: of these the first consists 
in melting down the pig metal, before the blast, in an open fire known as 
a hearth-finery or bloomary, somewhat resembling the bloomary hearth 
used for the [direct process of reduction in the United States. In the 
second method, the metal is melted and decarbonized in reverberatories, 
known as puddling-furnaces. In the puddling process the carbon of the 
iron is removed, partly by the oxygen of the air, and partly by that of the 
oxyd of iron, which, in the form of iron ore, is used for lining, the sides 
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of the furnace, er fettling, as it is called, for which purpose large 
quantities of magnetic and hematite ores are consumed. 

_ In both of these processes the cast iron is melted, but there are two 
methods, which have have long been known, in which the decarbonization 

of cast iron, and its conversion into malleable iron, are effected without 

fusion. In one of these, small objects of cast iron are imbedded in pulver- 

ized hematite ore, in carefully closed crucibles, and are then exposed for 

three or four days toa red heat ; when, if the size of the castings is not too 

great, they are found to be decarbonized, and changed, throughout, into soft 
malleable iron. In this way are prepared the so-called malleable castings. Malleablo 
Very similar to this, in principle is, a process practiced in Wales some half a 
century or more since, and described by Percy, after Mushet (Metallurgy, ora wen 
p. 803). Granulated or shotted cast iron was mixed with a certain propor- Proc. 
tion of bloomary cinder, rich in oxyd of iron, and the mixture exposed for 

some hours, in covered crucibles, toaredheat. At the end of this time it 

was found that the grains of iron were decarbonized, and capable of being 
welded together ; having been, in fact, converted into malleable i iron by the 

action of the iron-oxyd. 

By another process, the use of the oxyd of iron is dispensed with, and 
the iron 1s kept at a red heat, in contact with the air. In Tunner’s method, runner's 
plates of cast iron, from one-half to three-fourths of an inch thick, are "#4: 
packed in boxes of quartz sand, so arranged as to permit the passage of 
air, and exposed to a glowing red heat for several weeks ; at the end of which 
time the metal is found to be decarbonized,and converted into malleable iron. 

The impurities which form fusible slags, appear, in these methods of pro- 
ducing malleable iron, to be separated in a liquid form; sweating out, as it 
were, from the pores of the iron: 

With these facts in mind, we are prepared to understand the results 
obtained by Mr. Ellershausen, which have given riso to the process bear- guershausen’s 
ing hisname. In 1868, while making experiments on the production of “°""” 
steel, he endeavoured to incorporate coarsely pulverized oxyd of iron with 
molten pig metal, with the intention of subsequently melting down the 
mixture, and thus obtaining cast steel, by a process essentially the same 
with that of Wood and Uchatius (page 298). 

He found however, that the composite ingots of ore and pig metal, when 
heated on the hearth of a reverberatory furnace, did not fuse, but that the 
metal was rapidly decarbonized, and, with the separation of a considerable 
amount of liquid slag, converted with malleable iron, which could be taken 
at once to the squeezer, and rolled into bars of a quality superior to those 
produced by the method of puddling. 


It might at first appear that, as in the production of malleable castings, 
the mingled oxyd of iron was the sole agent in thus decarbonizing and 
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effecting the conversion of the metal, but subsequent experiments 
have shown that by reducing the proportion of ore much below that required , 
by theory, to effect the change; and even by replacing a portion of the ore 

Theory of the by powdered charcoal, whose effect would seem to be the reverse of oxy- 
dismg and decarbonizing, as good results were obtamed as before. In the 
pig-bloom, as the aggregate of pig metal and ore is termed, the iron is much 
subdivided, being partly m grains, and partly enveloping the granules of 
iron ore; the whole forming a somewhat porous aggregate, which is pervi- 
ous to air, and thus offers a great extent of surface to its oxydizing action, 
as well as to the action of the intermingled oxyd of iron. Where an admix- 
ture of charcoal is used, it would soon be destroyed by combustion, and by 
the action of the accompanying iron-oxyd, and the mass rendered still more 
permeable to the air ; so that the finely-divided white cast iron of the pig- 
bloom becomes rapidly decarbonized under the joint influences of the oxygen 
of the air and that of the ore. The ore, being in part reduced to the metallic 
state by the carbon and silicon of the cast iron, tends to make the loss of 
iron less than in the puddling process. In this view, the Ellershausen 
method unites the reactions of the process for malleable castings, and the 
Welsh process above described, where oxyds of iron are the decarbonizing 
agent, with that of Tunner, in which the decarbonization is effected by the 
oxygen of the air. 

If we suppose the oxygen of the mingled iron ore to be the sole decarbon- 
izing and purifying agent, the reaction would be as follows: the carbon of 
the pig iron, with the oxyd of iron, would give rise to metallic iron and car- 
bonic-oxyd gas ; while the silicon, which the crude metal always contains, 
in variable quantities, would reduce another portion of the oxyd, liberating 
metallic iron, and furming silicic acid. This, in its tarn, would unite with 
a portion of unreduced oxyd of iron, to form a fusible silicate or slag, of the 
composition already referred to on page 282. 

If we take the magnetic oxyd of iron, the reaction with carbon would be 
represented by | 

Fe,0,+4C=3Fe+4C0, 
while with silicon we should have 
Fe, O, + Si= Fe+ SiO, ,2Fe0. 
The above equations lead to the following results for each unit of car- 
bon and silicon in the pig iron : 
1 carbon requires 4°83 magnetic oxyd, and gives iron 3°5, carbonic oxyd 2-33 
1 silicon «8°28 “6 “6 ‘4 (4 2-0, silicate of iron 7-28 
Thus a pig iron holding, for example, 95:00 per cent. of iron, 4°00 per 
cent. of carbon, and 1:00 of silicon would require, 


4 X 4:83 — 19°32 of magnetic oxyd. 
1x 828 = 8:28 “ “6 «6 


27°60 tt ec ée 
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and should yield 16 parts of reduced iron, and 7°28 ofsilicate of iron. In 
the case of some pig irons, which, in addition to 4:0 or 4°5 per cent. of 
carbon, contain 2-0, or even 2-5 per cent of silicon, the quantity of mag- 
netic oxyd required, according to the above formulas, would be greatly 
increased. In the trials on a large scale, for the production of malleable 
iron by the Ellershausen method, at Pittsburg, Dr. Otto Wuth made care- Wath’s anal- 
fal analyses of the pig metal, and the resulting products, both iron and slag.” 
From these analyses it sppears that when 100 parts of a metal, holding over 
1:0 per cent. of silicon and 4:2 per cent. of carbon, were mixed with from 
28 to 30 parts of magnetic or hematitic iron ore, and treated as above 
described, the silicon, and nine-tenths of the carbon were removed, together 
with most of the sulphur and phosphorus. At the same time the resulting 
slag was much richer in iron than that obtained in puddling the same iron, 
or, indeed, than most slags from the puddling-furnace. It contained an 
amount of iron equal to not less than 64:7 per cent. of metal, and 
but 8°95 per cent. of silica, while the saturated silicate of iron, whose for- 
mula is given above, contains but 54°9 per cent. of iron, and 29:4 per cent 
of silicon. The highly basic slag from the Ellershausen process, as anal- 
yzed by Dr. Wuth, has thus a composition corresponding to a mixture 
of about 30 per cent. of a saturated silicate of protoxyd of iron, (with small 
portions of lime, magnesia, and alumina,) and 70 per cent. of magnetic 
oxyd of iron. 

From this it appears that a large part of the ore added to the pig metal 
is not consumed, but passes off in the slag; and it would seem that, in this 
case, the principal action of the oxyd of iron had been the removal of the 
oxydised silicon. Each unit of silicon furnishes by its oxydation an amount snicious tron, 
of silica which requires at least four units of iron, in the state of protoxyd, 
for its conversion into the ordinary fusible silicate of iron. Allof this 
oxyd of iron, in the ordinary puddling-process, except so far as furnished 
by the fettling, must be derived from the oxydation of the metal, and hence 
the great waste with highly siliciferous cast iron in the puddling-furnace. 
For such irons, therefore, the Ellershausen process would seem to be 
especially adapted. 

Were the conversion of the iron to take place according to the formulas 
already given, solely by the action of the oxyd of iron on the carbon and 
silicon of the pig metal, 100 parts of this, having the composition above 
assigned, should yield theoretically, supposing no subsequent loss of iron Theory of the 
by oxydation, or otherwise, 111 parts of pure iron ; since to the 95 parts °° 
present in the pig metal, would be added 16 parts reduced from the‘oxyd, 
by the carbon and silicon. In practice, however, the gain is much less 
than this, leading to the conclusion that a part of the carbon is oxydized 
by atmospheric oxygen, while much of the added iron-oxyd must escape 
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unreduced, in the slags, as we have seen is really the case. According to 
Dr. Wuth, the result of the treatment of nearly 4000 tons of iron by the 
Ellershausen method, as above described, with about 28 per cent. of oxyd 
of iron, showed a gain of not quite 5 per cent. on the weight of the pig 
iron employed. 

These conclusions are confirmed by recent results of the iron-works of 
Messrs. Burden, at Troy, New York, where the Ellershausen process has 
been found to give satisfactory results, with 15 per cent of magnetic iron 
ore, although the quality of the product was improved when 20 per cent. 
of ore was used. 

Analyses of the pig metal, the ore, and the products, in such trials will be 
most important as serving to shed farther light on this new process. Mean- 
while the following suggestions with regard to it seem warranted by the 
facts before us. 1st. The ore used should be as free as possible from im- 
purities. Silicious matters, by uniting directly with the oxyd of iron, occa- 
sion a large loss of ore; while lime, magnesia and alumina-compounds, not 
only increase of the bulk of slag, but render it pasty and difficult to be 
removed from the iron: 2nd. The ore should be finely divided, inasmuch 
as more surface will thus be presented to the iron. In the working of the 
process at Pittsburg, much of the ore added was in coarse grains, which 
escaping, dissolved in the slag, but otherwise unchanged, caused this to 
be, as we have seen, extremely rich in oxyd of iron. The coarse grains, 
it may be supposed, serve however to give to the aggregate that mechani- 
cal condition which is favorable to the proper working of the process, a 
result which would probably be equally well secured by the admixture of a 
portion of charcoal; an experiment, which I am informed, has already been 
successfully tried at Pittsburg. The use of a greatly reduced proportion 
of finely divided and very pure ore, together with a portion of coarsely 
ground charcoal, would therefore seem to promise the best and most 
economical results with the Ellershausen process. Rich hematite, free from 
silica, or magnetite, previously calcined, and if necessary, purified, after 
crushing, by the aid ofa magnetic machine, should be tried. The magnetic 
portion of the fine iron sands from the lower St. Lawrence would proba- 
bly yield excellent results in this process. Some experiments made at 
Pittsburg, in which the purified iron-sand was used in place of the ordinary 
ores, are said to have given a superior quality of iron. The ores used in 
the trials which gave the products studied by Dr. Wuth, were, however, 
the magnetite of Lake Champlain, with some hematite from Missouri. 

From what has been said, it will be evident that the supply of airin the 
furnace should be as abundant as in the process of puddling, and that a 
reducing or feebly oxydizing atmosphere therein, would either greatly 
modify the conditions of the Ellershausen process, or lead to failure. 
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The novel invention of Ellershausen, on which his patent is based, is the 
mixing of crushed or pulverized ore with the molten metal, as it flows from 
the blast-furnace or cupola, thus forming masses of conglomerate, which are 
subsequently exposed to heat in a reverberatory furnace. The mingling 
of the two, was, in the first experiments, effected by pouring them simul- 
taneously into an ingot-mould, while the mixture was stirred with a wooden 
pole. This method, however, is replaced by an ingenious arrangement of 
a large horizontal turning-table, around the periphery of which is a trough, 
divided, by partitions, into a series of compartments, into which the ore and 
the liquid metal are simultaneously discharged. The table being made to 
revolve, each compartment receives, in succession, a thin layer of mingled 
ore and metal, more or less intimately mixed, aud the process is continued 
until the moulds are filled ; when the consolidated masses, composed of suc- 
cessive layers, not over four tenths of an inch in thickness, are removed, 
and are ready to be placed in a common puddling or other reverberatory 
furnace. Here, at a white heat, if the proper conditions have been observ- 
ed, the conglomerate softens, without melting, the slag begins to flow out, 
and the iron is soon ready for the operations of squeezing and rolling. 

It is claimed for this process for the production of malleable iron, that it 
requires much less time than puddling ; the average time required for the 
treatment, in an ordinary single puddling-furnace, of a charge of 800 pounds 
of the conglomerate, producing about 600 pounds of muck-bar, not 
being over an hour and a quarter. The consumption of coal is reduced 
about one-half, and the ordinary labor of the puddler is done away with, the 
masses in the furnace requiring but little manipulation. The rapid wearing 
of the furnace-bottom, which in puddling, causes such a loss of time, is 
also obviated. In addition to these advantages, which in Pittsburg, 
it is claimed, effect a saving of eight or ten dollars a ton, it is found 
that the iron produced in this way is superior in quality to that obtained 
from the same pig metal by the process of puddling. This superiority is 
apparently explained by the fact, established by Dr. Wuth’s analyses, that 
the sulphur from the pig metal is more completely eliminated by the 
Ellershausen process than by puddling. The analyses, with a summary 
of the report will be found in the Chemical News, American edition, in the 
supplement for October, 1869 ; and with Dr. Wuth’s report, in full, in 
Osborn's Metalluryy of Iron, page 565. 

The Ellershausen process is now regularly worked at Pittsburg, by 
Messrs. Shoenberger and Co., and in one or the other places in the United 
States ; and in the opinion of some who are best qualified to judge, is des- 
tined to general adoption. Its introduction has been retarded by various 
causes, among which are the jealousies of puddlers, and, in some cases, by 
partial failures, the probable causes of which have been pointed out in the 
preceding pages. 
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Advantages of 
the process. 














304 GEOLOGICAL SURVEY OF CANADA. 


Numerous patent-claims, from that of John Wood, in 1761, down to the 
present time, have been based upon the use of granulated or pulverized 
cast iron for the production of steel or malleable iron. The iron is granu- 
lated by beating in large mortars, when heated nearly to its melting point, 
or by causing it to fall into water, through the air, or upon a rapidly- 
revolving disk, from which it is thrown off by centrifugal force. The 
grains of iron, more or less oxydized at the surface, are directed to be con- 
veyed to a furnace, and there formed into lumps for the rolls or hammer ; 
or else mixed with oxyd of iron, and exposed to heat in a furnace, (or in 
close vessels) whereby a malleable iron, fit for the manufacture of steel, is 
obtained. See, among others the specification of Bousfield, in 1857, No. 
3082, and that of Morgans, in 1865, No. 806, of the British Patent 
Office. In so far as these propose to work in the open farnace, they differ 
from the old method of Wood, and the Welsh process, already described, 
page 299, and approach to the conditions attained in the Ellershausen 
process. Excellent results have recently been obtained by Mr. Hewitt at 
Ringwood, New Jersey, by mixing the granulated cast iron, with iron ore 
in grains, and exposing the mixture to heat on the hearth of a reveberatory ; 
when decarbonization, and conversion to malleable iron takes place, as in 
Eillershausen’s method, without fusion. 





It had been proposed, as mentioned on page 211, to give in a third 
part of this report, some chemical and mineralogical notes with regard to 
the gold, silver, and bismuth ores of Hastings county, Ontario. The 
results of my analyses, so far as they are of economic interest, and 
the principal facts relating to the mode of occurence of these ores, 
have, however, been furnished to Mr. Vennor, and are given on pages 
170-171 of this volume. The report has, moreover, exceeded the limits 
originally proposed for it, and it has therefore been thought best to defer 
the publication of many interesting chemical and mineralogical details 
to another occasion: 
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Sm,—In the month of May last I was instructed by Sir W. E. I 
to make a geological examination of the north shore of the lower St. 
rence from the River Saguenay to the Bay of Seven Islands, a distar 
about 220 miles ; I was also directed to ascend one or more of the p 
pal rivers on the coast. Those selected were the Manicouagan and 
simis ; the former was surveyed for about forty miles up, while the 1) 
which had already been surveyed by Admiral Bayfield, was ascende 
a distance of thirty miles. A map of the area examined has 
constructed on a scale of four miles to one inch, on which the geolc 
facts and other characteristics of the country are laid down. 

Having completed my survey of the north shore, about the m 
of September, I returned to Montreal, and was then ordered to proce 
Trois Pistoles, on the south shore of the St. Lawrence, and continue { 
north-eastward my work of 1868, which had terminated at that point 
was resumed and carried along the coast as far as Father Point, a dis! 
of about forty miles. Examinations were also made along several { 
verse lines of from four to ten miles, in a south-east direction ; more 
are, however, wanting before my resulta in this district can be giver 
complete form. 

On the north shore the geological formations of the area examined 

1. Laurentian gneiss. 

2. Labradorite rocks. 

The Laurentian gneiss sometimes has little appearance of stratifica 
the strike is generally nearly north and south, with dips often approa 
vertical. The strata are all more or less broken, contorted and far 

W 





Labradorite 
rooks. 
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The labradorite rocks rest unconformably on the Laurentian; they gene- 
rally strike nearly east and west, and dip at comparatively moderate 
angles, with little or no appearance of contortion or disturbance. 

The Laurentian rocks consist chiefly of coarser and finer reddish 
and greyish gneiss, often syenitic, and marked by dark bands holding much 
hornblende or mica. A coarsely granitoid reddish syenitic gneiss was 
observed at the following localities, viz :—Ten miles up the Bersimis; on 
the Outarde River from the tide-way, for a distance of five miles; and on 
the coast a little east of the Papinachois. 

At Escoumains a fine white granitoid gneiss occurs, composed of pure 
white feldspar and quartz, with, rarely, small grains of black hornblende, 
In the neighbourhood of Point de Monts and Trinity Bay, considerable 
masses of a fine gray diorite, which appears to be intrusive, are found 
among the gneisses, and numerous dykes of black fine-grained trap are 
also met with in the vicinity. 

On the coast, two miles east of the Papinachois ; on the north side of 
the Government Road, about a mile east of the Great Bergeron Cove ; and 
about sixteen miles up the Manicouagan River, at the foot of the seventh 
portage, vitreous quartz rock occurs in masses of from 50 to 120 feet in 
thickness. Some of this rock is very pure, and might be used for glass- 
making; but much of it holds sparingly disseminated plates of flesh-red 
feldspar, and a pale green steatitic mineral. About twelve miles up the 
river last named, there occurs in the gneiss a bed, twelve feet thick, 
of coarsely crystalline limestone, gray, yellowish, and occasionally pinkish 
in colour, and holding grains of green pyroxene ; this, with the exception 
of a thin seam of dolomite found at Lobster Bay, is the only Laurentian 
limestone observed during the season. 

The labradorite rocks along the coast examined offer many varieties in 
character and aspect, but are generally bluish or greenish in colour, much 
resembling those found to the north of Montreal; in one case beds were 
met with holding considerable quantities of red garnets in lumps up to half 
an inch in diameter. Some of the beds contain much black mica, and 
others nodules of a gray fibrous hornblende approaching actinolite ; varie- 
ties of the labradorite rock were also met with holding hypersthene, and 
small masses or layers of magnetic iron ore. 

The first locality to be noticed, where these rocks occur, is at the mouth 
of Pentecost River, and for about half a mile to the north-eastward. The 
rock is here banded with coarser and finer varieties, holding small lumpe of 
red garnet, mica, actinolite and iron ore, which make its stratification very 
apparent; it dips with much regularity N. 28° E. < 30° to 40°, as may 
be seen for half a mile along the shore; which here trends nearly north and 
south, in a succession of low bluffs, seldom above thirty feet in height. 
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In Lobster Bay, half a mile further to the eastward, after an interval of 
concealment, the reddish quartzose granitoid rock of the Laurentian ig Labradorites. 
again met with, offering no evidence of stratification ; and in one place is 7 
seen to be distinctly overlaid by a patch, only a few yards square, of 
labradorite-rock, shewing considerable varieties in character, and clearly . 
stratified, with a strike N. 58° E. 

Labradorites are the only rocks seen from the May Islands to Point St. 

Margaret, and also at the falls of the river of that name, the interval being 
concealed by sand. Rocks of the same series were observed by Dr. Hunt 
at the head of the Bay of Seven Islands, enclosing a large mass of titanic 
iron ore, and they form also the great southern promontory of the bay, 
where the rock is generally more or less coarse-grained, greenish-blue in 
colour, and holds hypersthene and titanic iron ore. The dip of the beds of 
labradorite-rock, as seen here along a distance of three or four miles, is 
generally uniform to the north, at angles of from 10° to 20°. At the falls 
of the St. Margaret the dip is N. 28° E. < 22°, while at Point St. Mar- 
garet it is S. 82° E. < 82°. 

Both the Laurentian gneiss and the labradorites are cut by granitic veins, Granite veins. 
sometimes of considerable width, made up of large crystalline masses of 
deep red orthoclase, often with a pale green feldspar, probably oligoclase, 
black érystalline hornblende, vitreous quartz, and sometimes crystalline 
masses of magnetic iron ore. 

Besides the above crystalline rocks, a small patch of Silurian limestone Siiurian lime- | 
occurs on the east side of Manowin, one of the group of the Seven Islands. “”"” EE 
The beds of this light-coloured fossiliferous Silurian limestone are seen to 
repose on reddish gneiss, and dip northward at an angle of from 2° to 6° ; 

The fossils, according to Mr. Billings, shew it to belong to the Trenton 
group ; it bas been quarried for use at the Moisie iron-works, near by. 

In addition to the economic materials already mentioned, the iron sands Iron sands. 
of this region, which have attracted considerable attention, may be noticed. 
The deposits of these sands at Moisie have been examined by Dr. Hunt, 
who has shewn that they belong to the stratified silicious sands of the dis- 
trict, which here overlie the old marine clays, at considerable heights above 
the present sea level. In many places I observed beds holding so much iron 
ore as to shew dark or nearly black layers among the gray and brown sili- 
cious sands. They were seen, of this character, at various places along 
the coast, at heights up to 100 and even 200 feet above tide-level ; while 
on the Manicouagan River, twenty-four miles from its mouth, where it 
attains a height of 256 feet above the sea, the banks of sand exhibited the 
same dark-coloured bands of iron sand, from forty to fifty feet above the 
water. 

On the coast between Portneuf and Sault au Cochon, and also between 
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the River St. Margaret and the Bay of Seven Islands, hills of post-tertiary 
clays, containing marine fossils, and attaining heights of from 50 to 150 

Ironsands. feet, are often seen to be capped with from forty to fifty feet of similar fine 
and coarse brown sand, banded with dark layers likewise charged with 
black iron ore. 

The rich accumulations of ore which are seen along the beach ‘appear, 
as Dr. Hunt has remarked, to result from a natural process of concentra- 
tion by the action of the water upon these sands ; they were observed in a 
great many places on the coast, about high-water mark, in strips from three 
to nine and twelve feet wide, and from two inches to two feet in thickness, 
often extending without interruption, for miles. It is said that the visible 
extent and the richness of these local deposits is somewhat affected by the 
varying action of the wind and water. The places at which I noticed 
these belts of iron sand along the portion of coast examined are as follows, 
viz :— 

1. The vicinity of Tadousac, for a distance of three miles downwards. 

2. From Jeremie to Bersimis, and thence to the Papinachois, a distance 
of twelve miles. 

8. The peninsula at the mouths of the Outarde and Manicouagan rivers, 
for thirty miles. 

4. From English Point to Pentecost River, for eight nules. 

5. The coast on both sides of the St. Margaret River for ten miles ; 
making in all sixty-six miles. . 

In all these places except the first named, near Tadousac, I think that 
the quantity of ore is such that it might be collected with profit, especially 
by the aid of proper concentrating machinery. Water-power, if needed, 
is accessible in several localities near the iron sands ; among others, at the 
falls of the River Baude, on the coast, three miles below Tadousac ; at the 
falls of the Papinachois, also on the coast; at those of the Outarde and 
Manicouagan, at the head of tide-water (respectively twelve and fifteen 
miles from the general trend of coast) : at a fall in a stream, on tho coast, 
half a mile north-east of Pentecost River; and at the falls of the St. Mar 
garet, three miles from the coast. 

The mouths of the Bersimis, Papinachois, Outarde, Manicouagan, Pen- 
tecost, and St. Margaret, all afford safe harbours, with sandy bottoms, which 
vessels drawing twelve feet of water may enter at high tide, although the 
access is somewhat difficult, on account of numerous sand-banks. In any 
of them a wharf extending from forty to fifty feet frum the shore would be 
sufficient to reach the channel. 

Geographical The surface of the whole region examined, with the exceptions men- 
tioned below, is broken and irregwar. The hills of hard rock occasionally 
attain a height of upwards of 2,000 feet, besides which, there are hills of 
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stratified clays, capped by sand, often rising 200 feet or more ; and in one 
instance near Tadousac, 400 feët. 

À very thin soil occasionally occurs on the rocky hills, but, generally 
over large tracts where fires have destroyed the vegetation, little remains 
but a bare surface of solid stone. 

On the portion of the coast between the Saguenay and the Outarde, Forest trees 
where the soil permits, there is timber of fair size, consisting of yellow 
pine, sprace, balsam-fir, tamarack and white birch. Yellow pine was for- 
merly cut on the Portneuf River, and considerable qu antities still remain 
on the rivers Escoumains, Sault au Mouton, Sault au Cochon, Bersimis, 
and Papinachois. Pine logs, as I saw them at the mills, and in the 
forest, were from twelve to twenty inches in diameter. Beyond the river 
Outarde no yellow pine is met with, and from thence to the Seven Islands, 
the other trees are smaller, and the barren portions are more extended. 

From Tadousac to the River Baude, a distance of about three miles along soil. 
the coast, there extends a belt, less than a mile in width, of yellowish- 
brown sand, mixed with thin layers of the iron sand already noticed. 
Following the river just named, for about two miles northwardly, the clays 
gradually come out from beneath the sand, and afford an excellent soil. 
The Hon. David E. Price, Senator, informed me that this kind of soil 
stretches northward towards the St. Margaret River, and is of considerable 
extent; but it is not accessible for want of a road. On the Little Ber- 
geron Cove and River, there is a strip of similar good soil, four or five 
miles long by about a mile wide, and on the Great Bergeron Cove, there 
are from 1,000 to 1,500 acres of excellent land, yielding good crops of 
vegetables, and all kinds of grain. 

From the cove last mentioned, to the Escoumains, a plain extends from 
the shore to a bare ridge of reddish gneiss, from two to seven miles inland, 
and occupies an area of forty to fifty square miles. The soil of this 
plain is a coarse brown sand, with patches of moss, probably in depres- 
sions, and sustains a growth of blue-berry and other shrubs, with a few 
stunted spruces, balsam-firs and white birches. Some attempts have here 
been made at farming, but with very little success, except at a few spots 
on the coast, just to the west of Cape Bon Desir, where the clay, which 
underlies this sand, has been uncovered by land-slides. | 

From the village of Escoumains, at the mouth of the river of that name, 
to Mille Vaches Bay, a distance of about twenty miles, extends a belt of 
sand like that just described, and from one to two miles in breadth, with 
occasional protruding spurs of gneiss rock. Here, as before, the only suc- 
cessful attempts at cultivation are confined to spots where the underlying 
clay has been exposed by the cause above mentioned. 

From Mille Vaches Bay to Sault au Cochon, a distance of twelve miles 
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8 similarsand plain prevails along the coast, also extending about two miles 
inland. From the last mentioned point to the Portneuf River, cliffs of 
clay, capped by sand, rise boldly up from the shore to heights of from 100 
to 200 feet. These cliffs, which have already been mentioned in speaking 
of the iron sands, have in their lower part from fifty to probably one hun- 
dred and fifty feet of fine blue clay, in which the fossil remains of the MaZlotus 
villus, or capeling, and several species of recent marine shells, were 
found imbedded. The brown sand, often forty or fifty feet in thickness, 
which overlies these clays, presents alternate coarse and fine layers, and 
is banded with others holding black iron sand. Beyond Portneuf to Jere- 
mie, s distance of about fourteen miles, the coast is rocky, and affords only 
a few isolated patches of sandy soil ; but from Jeremie to Point St. Giles, at 
the mouth of the Manicouagan, a distance of nearly forty miles, there isa 
recurrence of the sandy plains, with occasional protruding masses of hard 
‘gneiss rock. 

Along this coast considerable portions of land are covered with moss, as 
may be seen just to the east of the Indian Village and Hudson Bay Com- 
pany’s post at Bersimis These sandy tracts include a part of the Bers- 
mis Indian Reserve, together with the peninsula between the mouth of the 
Outarde and Manicouagan Rivers, and have an extent which may be approx- 
imately estimated at 200 square miles. In ascending the Bersimis River 
for about thirty miles, occasional patches of from 200 to 1,000 acres of 
sandy soil are met with, lying between rocky ridges. 

In ascending the Manicouagan River from a point twenty-four miles 
from its mouth, to the Forks, fourteen miles further, is a reach of deep 
water, with a gentle current, between banks from ten to fifty feet high, 
composed of brown sand, with layers holding the usual black iron ore. The 
river here, as already mentioned, is 256 feet above the sea, and the valley, 
which is about a mile in width, is walled in by ridges of gneiss rock, rising 
above it to heights estimated at from 800 to 1,500 feet, often bare of vege- 
tation. This sandy valley supports in most places a stunted growth of 
spruce, balsam-fir and white birch, but at the Forks, and for about four 
miles below, the soil is a loam, and produces a growth chiefly of poplars and 
white birches, which attain a fair size ; one of the latter, which I cut down, 
was eight inches in diameter at the base, and 102 feet high ; its age, judg- 
ing from the rings of growth, was between sixty and seventy years. 

From Point St. Giles to the Godbout River, a distance of twenty-six 
miles, the coast is mostly rocky and barren, with the exception of about 600 
acres of sandy soil at the mouth of the river, surrounded by rocky gneiss 
hills ; thence to English Point, a distance of thirty-five miles, the country is 
still mostly barren and rocky. From English Point to Pentecost River, 
about eight miles, another belt of similar sandy soil occurs, with an 
average width of from one to two miles. 


| 
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From Pentecost River to Point St. Margaret, twen 
again barren and rocky—thence to Seven-Island : 
twenty-four miles, and also to a few miles beyond the ] 
ther distance of thirty miles, a similar, sandy soil occupie 
varying in width from one to about twelve miles; t 
area of about 500 square miles. In the rear of the 
St. Margaret and the Moisie River, bare rocky hills 
average height of nearly 1,000 feet. 

In the interior, areas not observed, of the same kind 
with; but they are probably small in extent and 
Although these sandy soils are capable of being cul 
knowledge of their management is required to do so su 


Thave the honour to be, 
- Sir, 
Your most obedient serv 
JAMES RIC 
Montreal, 18th April 1870. 
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ALFRED R. C. SELWYN, Ese, 


DIRECTOR OF THE GEOLOGICAL SURVEY OF CANADA. 


Sim,—I have to report that, in compliance with the instructions which I 
had the honor to receive from Sir W. E. Logan, I proceeded, in May last, 
to make a geological examination of the country lying on the north-western 
side of Lake Superior. Fort William was selected as my head-quarters for 
the season, from its being the most conveniently situated point for our explo- 
rations in the region around Thunder Bay, and from having a post-office, 
and frequent steamboat communication with the east, and because we could 
here find safe storage for our provisions and outfit. We were under many 
obligations to Mr. McIntyre, the gentleman in charge of the Hudson Bay 
Company’s establishment at Fort William, for the accommodation of one of 
his storehouses, for advice and assistance in procuring proper guides, for Acknowlodge- 
the use of boats and canoes, for tracings of various maps in his possession, © 
for much valuable information of all kinds, which his long experience in 
that region enabled him to give in regard to the country which we 
examined, and for his kindness and attention generally in promoting the 
objects of the expedition. We were also greatly indebted to the families 
of Mr. McIntyre, Mr. McVicar and Mr. McKellar for their kind 
hospitality whenever any of our party happened to be at Fort William. 
The officers and employés, generally, of the Hudson Bay Company aided us 
cheerfully whenever an opportunity occurred. Amongst those from whom 
we received information or assistance, I may mention Mr. Hopkins of 
Montreal, Mr. McKenzie of LaCloche, Mr. Bell of Michipicoten, Mr. | 
Charles De La Ronde of Red Rock, Mr. Crawford of Nipigon House, Mr. 
Henry De La Ronde of Poplar Lodge, Mr. Whyte of Basswood Lake 
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and Mr. Pether of Fort Frances. Before starting from Toronto, 
Mr. Andrew Russell, of the Crown Lands Department, very kindly 
furnished me with tracings of maps, and with extracts from reports 
relating to the country to be explored. I am indebted to Mr. Thomas 
Herrick, P.L.S., for his plan and field-notes of the survey which he 
made of the Nipigon River; to Messrs. Peter, John and Daniel 
McKellar for the results of their geological explorations in the country 
from Pigeon River to Black Bay, and back to a considerable distance 
beyond Dog Lake, and for numerous topographical features, including a 
plan of their survey of Current River ; also to Mr. H. P. Savigny, P.L.S., 
of Toronto, Mr. Hugh Wilson, P.L.S., of Mount Forest, Mr. S. J. 
Dawson, C.E., Mr. W. B. Borron, Inspector of Mines at Fort William, 
Captain Symes of the steamer Algoma, and Chief Manitousaise of 
Nipigon, for their kindness in aiding our exploration in various ways. I 
was assisted in the labors of the season by Messrs. P. McKellar of Fort 
William, P. B. Ball of Guelph, A. D. Blackader of Brantford, W. 
Notman of Hamilton, A. McKenzie of Clifton, W. W. Russell of Toronto, 
C. E. Dobbs of Kingston, and P. McLaren, B.A. of Lanark. 

The first month was devoted to an examination of the coast from 
Prince’s Bay to Fort William, the country between this section of the coast 
and the lower stretch of the Kaminitiquia River, the valley of this river, 
the country between Thunder Bay and Dog Lake, and the shores of 
Thunder Bay. As required by my instructions, I paid particular atten- 
tion to the geology of the silver deposits of this region, which promise to 
be of importance. 

In addition to the district first referred to, I was directed to make an 
exploration, or if possible, a survey of Lake Nipigon. In tracing the 
run of the rocks eastward and northward from Thunder Bay, I found that 
many advantages would be gained by proceeding to this lake as early in 
the season as possible. By doing so, I hoped to have enough of the 
summer left to make considerable topographical surveys in that region, 
which would serve as a correct basis for laying down our geological work. 
In June last, I had the honor to communicate to Sir William Logan, by 
letter from Fort William, my reasons for believing that the Huronian and 
Upper Copper-bearing rocks would be found to occur around Lake Nipigon. 
In extending our explorations in the region assigned to me, from the 
Thunder Bay side only, we were constantly in the dark as to the general 
nature of the geology of the country ahead of us. Whereas, by mapping 


. that of the Nipigon district, we should have determined the geology of 


the two sides, and thus rendered it much: easier to work out that of the 
intervening area. Having ascertained from the officers of the Hudson 
Bay Company and the Indians, that Lake Nipigon was much larger than 
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commonly supposed, and considering how desirable it would be, for our 
purposes, to have a complete traverse of its shores, I engaged Mr. Peter 
McKellar of Fort William, who is both a surveyor and a geologist, to assist 
me in the undertaking ; and the result proved that I was very fortunate 
in doing 80. 

Before starting from Fort William, I had the honor to receive the 
additional instructions, which had been forwarded to me by Sir W. E. 
Logan, at the suggestion of the Honorable Mr. McDougall, then Minister 
of Public Works. These directed me to take levels, and to make all 
possible observations with a view to ascertaining the practicability or 
otherwise of a railway to the North-west Territories through the country 
which we might examine. Iam happy to have been able to report that 
our explorations have enabled me to trace a route which appears to be 
quite practicable for such a purpose, as far as we went, or through a 
distance of about one hundred miles in the proposed course, beginning 
at Lake Superior. In the following pages, I propose to add some details 
to those which were contained in the special report of 22nd February 
on this subject, which I had the honor of addressing to you. * 

The Nipigon River having been carefully surveyed by Mr. Herrick, it 
only remained for us to make what geological observations we could, while 
ascending it. Having arrived at Lake Nipigon, I divided our party, and 
gave Mr. McKellar charge of one of the sections, Beginning on the 
south side of the lake, at the point where Mr. Herrick’s line intersected 
the shore, Mr. McKellar proceeded to the right, or east side, while I took 
the west. At the end of about eight weeks, the two parties met at 
the northern extremity of the lake, having completed a survey of its 
shores, excepting the deepest parts of a few of the bays. We had also 
explored, and in some cases surveyed, the lower reaches of the principal 
rivers entering the lake, and determined the positions and forms of 
about 460 of the islands, lying within easy reach of the shore, and more 
roughly the positions and outlines of about 100, lying further off ; while Gime 
did not permit of our ascertaining, personally, anything with regard to a 
considerable number in the centre of the lake. When on the south-west 
side, I made a journey of several days into the interior, following the lakes 
and streams, and making portages between them. In this excursion, I 
was guided by Chief Manitousaise’s son, Tchiatang, a very intelligent 
Indian, whose services I had secured for the summer ; and I had on this 
occasion, an opportunity of proving the accuracy of the sketch-maps of the 
region which he had previously made forme. This man had travelled a 
great deal in the Nipigon country, and beyond it. Having a very correct 
idea of distance, by using a compass, laid upon the paper, to guide him as 


* Transmitted to the Honorable Secretary of State for the Provinces. 


Plan of Survey. 
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to direction, he prepared for me a number of sketch-plans, shewing the 
geography of the districts through which he had travelled, together with a 
great deal of other useful information. The country south of Gull Bay 
on Lake Nipigon, was explored by following the Kabitotaquia River and 
making a portage from it to Chiefs Bay on the same lake. 

Measurements. (ur surveys on either side of Lake Nipigon, which were effected mostly 
by triangulation, were carried on in two bark canoes. Distances 
were checked and details filled in by the Rochon micrometer. The 
angles were determined by the sextant and Troughton’s repeating circle, 
the local magnetic variation being so great and so uncertain as to render 
the compass of little use on most parts of the lake-shore. A true meridian 
was occasionally laid down, by which to fix the directions of our lines ; 
and latitudes were taken for the purpose of checking our measurements. 
The heights of some hills were ascertained by angles of elevation, or by 
means of two aneroid barometers, which were also used in determining the 
amount of fall in the rapids of the Nipigon River. 

Bleck Sturgeon In returning from Lake Nipigon, Mr. McKellar made an actual survey 
of the west shore of Black Sturgeon Lake, and of the river of the same 
name, as far down as Nonwatan Lake, and an approximate one from that 
lake to its mouth; whilst I, returning by the same stfeam, made two 
traverses of the country lying between it and the Nipigon River. On my 
return to Lake Superior, a partial examination of the north-west shore of 

. Black Bay was effected ; some additional explorations were made on the 
north side of Thunder Bay, and along the Red River Road, as far as it had 
been opened, after which the work of the season was brought to a close, 
and the party retarned home, all well. 

Throughout the season, I worked upon the principle which we have 
always pursued upon the Geological Survey, in exploring or surveying in 
a new region, namely, that of following, as much as possible, the water- 
courses, instead of cutting “ exploratory lines ” in the woods. The following 
may be mentioned amongst the many advantages of this system: (1) We 
avoid the expense of cutting the lines, which would add but little to our know- 
ledge of the natural features of the country, and would soon be obliterated. 
(2) The clear space afforded by the surface of the water serves better 
than an artificial opening in the woods for measurements by the micro- 
meter, which may be made as accurately as by the chain. It als 
admits of triangulation, which is impossible in the forest. (8) A greater 
distance may be surveyed per day. (4) A smaller party can do the work. 
(5) The canoes or boats by which the survey is carried on, also serve to 
convey, at the same time, the supplies of the party, and allow of a consider- 
able quantity being taken, thus enabling the work to go on continuously 
for a greater distance, or a longer time, without reference to the base of 
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operations, than where everything has to be carried on men’s backs. (6) 
The river-beds and lake-shores afford many more exposures of the rocks 
than are to be met with in the woods, where they are covered by earth or 
moss. (7) The same measuremerts, which serve to determine correctly 
the distribution of the rock -formations, also enable us to lay down the 
topographical features of the country, and thus we obtain a knowledge of 
ita geography simultaneously with that of its geology.. 

The principal results of the season’s operations may be briefly summed 
up as follows : 

1. The working out of the geology of the country around Thunder Bay, 
including an area of the Huronian system not previously recognized, and 
the addition of many new facts in regard to the mineral veins of this 
_ region. 

2. A survey of Lake Nipigon and portions of-several of the rivers flowing 
into it, and the obtaining of approximate levels along the Nipigon River, 
besides an examination of much of the country near Lake Nipigon. 

3. Ascertaining the fact that a large area north of Lake Superior, includ- 
ing the Nipigon country, is occupied principally by the Upper Copper-bear- 
ing and Huronian rocks, instead of the Laurentian, as had been supposed, 
and that it therefore offers a greater probability of the discovery of valuable 
minerals, and besides, affords a much better country for colonization and 
for the construction of highways. 





Summary of 
season’s work. 


4. The discovery of an apparently easy route for a railway to the North- 


West Territories through the country explored, for a distance of about one 
hundred miles from the mouth of the Nipigon River on Lake Superior. 

For the sake of convenience, the tracts examined will be described in the 
following separate sections as: 1. The Thunder Bay region, embracing 
the country from Pigeon River to Black Bay. 2. The valley of the 
Black Sturgeon River. 8. The Nipigon River. 4. Lake Nipigon and the 
surrounding country. These will be followed by sections on the economic 
minerals of the district examined, surface-geology, soil, timber, climate, 
the opening of the Nipigon country for colonization, the railway route, and 
other matters. 

I have laid down our surveys of Lake Nipigon and the rivers entering it, 
and of Black Sturgeon Lake and River, together with Mr. Herrick’s survey 

of the Nipigon River, and Admiral Bayfield’s of a portion of Lake Superior, 
all in a connected form, on a scale of one inch to the mile, upon the large 
sheet accompanying this Report. It was satisfactory to find, on plotting 
the work, that the measurements of Mr. McKellar and myself, around the 
opposite sides of the lake, closed very well. The accompanying map of 
the whole country between Pigeon River and Nipigon Bay on Lake 
Superior, and northward to the waters flowing into the Albany River, on 
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a scale of one inch to four miles, is based upon Mr. Robert Barlow’s compi- 
laiton of all the actual surveys which have, at any time, been made 
within that region, with the addition, by myself, of the other features, 
as nearly as they can be laid down, from all other sources available up to 
the present time. Upon this, I have represented the geology, as far as it 
has been determined by Sir W. E. Logan and Mr. Murray, and from the 
explorations of last year, with the addition of the information derived from 
Mr. McKellar and others already mentioned. 


GEOLOGY. 


The rocks of the country examined during the season belong to the 
Laurentian, Huronian and Upper Copper-bearing series. For the sake of 
facilitating my description of 


THE UPPER COPPER-BEARING ROCKS, 


I will introduce the following list, which represents, in ascending 
order, the subdivisions of this series, as far as known, in the region under 
consideration. It is prepared from the descriptions by Sir W. £. Logan, 
in the Geology of Canada, and those by Mr. Thomas Macfarlane in the 
Canadian Naturalist, as well as from our own observations during the 
past season. As this district is, even yet, but imperfectly examined, some 
portions of the series may have been overlooked, and, therefore, this pro- 
visional arrangement of its members may require modification at some 
future time. The figures in brackets are only a rough approximation to 
the thickness in feet, and are given provisionally, merely to convey an 
idea of the proportionate volume of each division. 


Lower Group. 


1. Conglomerates composed of pebbles of quartz, jasper and greenish 
slate, in a greenish arenaceous matrix. Seen on the north shore of Thun- 
der Bay. (70) 

2. Chert layers, mostly thin and having a ribbon-like appearance in 
cross section. The mass is generally dark, but some light-colored layers 
occur. Thin beds of dolomite sometimes separate the chert layers from 
one another, and argillaceous layers are also occasionally interstratified ; 
while bands of dolomite, which are themselves sometimes separated by argi- 
laceous beds, are interstratified with the foregoing. The chert bands con- 
tain iron pyrites in specks, nodules and thin interrupted layers. A min- 
eral resembling anthracite also occurs in the rocks of this and the following 
division. Seen at the eastern extremity of Thunder Bay, and near the 
five-mile post on the Red River road. (300). 
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3. Darkly colored massive argillites and flaggy black shales, the mass 
being characterized by numerous vertical joints, running in two directions, 
and dividing it into blocks of a very symmetrical character. The shaly 
portions hold regularly formed spheroidal concretions of various sizes. 
Trap beds are associated with these rocks along the north shore of Thun- 
der Bay, at the Thunder Bay Mine and in the township of McIntyre. 
The shales are seen on the lower part of the Kaminitiquia River, espe- 
cially at the Grand Falls, and along the coast of Lake Superior, between 
Fort William and Pigeon River, while an example of the massive variety 
may be seen in the workings at the Thunder Bay Mine. (450) 

4. Gray argillaceous sandstones and shales, mostiy thinly and evenly 
bedded, fine grained and slightly calcareous. Examples of both of these 
rocks may be observed on each side of Thunder Cape, and in the township 
of McIntyre. In the southern part of this township, and at the north- 
western corner of Neebing, bands of sandstone, supposed to belong to this 
division, occur, containing a large percentage of magnetic iron ore. 
(400). 


Upper Group. 


5. Alternating red and white dolomitic sandstone, with a red conglom- Upper group. 
erate layer at the bottom, occurring on Wood’s Location, Thunder Cape. 
Mr. Macfarlane finds the red sandstone to contain 12$ per cent. of 
carbonate of lime, and 11 per cent. of carbonate of magnesia. (40). 

6. Light gray dolomitic sandstone, with occasional red layers, and spots 
and patches of the same color. These sandstones occur along the south- 
west side of Thunder Bay, and on Wood’s Location, where Mr. Macfarlane 
found them to contain 18 per cent. of carbonate of lime and 12 per cent. 
of carbonate of magnesia. (200). 

7. Red sandstones and shales, interstratified with white or light gray 
sandstone beds, frequently exhibiting ripple-marked surfaces, and also with 
conglomerate layers, composed of pebbles and boulders of coarse red jasper 
in a matrix of white, red or greenish sand. (500). 

8. Compact light reddish limestones (some of them fit for burning into 
quick-lime,) interstratified with shales and sandstones of the same color. 
(80). 

9. Indurated red and yellowish-gray marl, usually containing a large 
proportion of the carbonates of lime and magnesia, the amount varying in 
Specimens analysed by Mr. Macfarlane, from 21 to 34% per cent. of the 
former and from 74 to 13% of the latter. This division runs through the 
centre of the peninsula between Thunder Bay and Black Bay, and may, 
in this region, have a thickness of 850 feet or more. (350). 
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10. Red and white sandstones with conglomerate layers, the red sand- 
stones being often very argillaceous, and variegated with green spots and 
streaks, and having many of their surfaces ripple-marked. These rocks 
are found all along the north-west side of Black Bay as far up as the town- 
ship of McTavish. (200). 

11. On the opposite side of Black Bay, conglomerates and sandstones, 
mostly of light color, are interstratified with layers of trap, often amyg- 
daloidal, and succeeded by beds of trap, largely developed in the peninsula 
between Black Bay and Lake Superior, and perhaps belonging in part to 
the next division. (6,000 to 10,000). 

12. The great crowning overflow of columnar trap, which caps the hills 
from the P' eon River to the Kaminitiquia, and forms the summit of Thunder 
Cape. It is characterized by numerous joints, dividing it into large columns 
at right angles to the plane of the mass. The rock is hard, more or les 
coarsely crystalline, and composed principally of varieties of augite and 
feldspar, with magnetic iron. 

While different portions of this series were found overlying unconforn- 
ably, in some places the Laurentian, and in others the Huronian series, 
the additional facts, which have been observed during the past summer, 
leave little doubt that the great trap overflow, part of which has been men- 
tioned as crowning Thunder Cape, rests in different places, sometimes 
unconformably, upon different members of both the upper and lower 
groups of the Upper Copper-bearing series. Sir W. E. Logan has already 
pointed out a want of conformity between it and the limestones and 
sandstones (9 and 10), and noticed the more horizontal attitude of the over- 
lying trap. (Geology of Canada, pages 70 and 79.) On the south side 
of the lower reach of the Kaminitiquia, and in the country south-eastward 
from that river, to the shore of Lake Superior, the trap is found resting upon 
the almost horizontal shaly, cherty and jaspery beds, belonging to the lower 
part of the series. In 1868, Mr. McKellar observed the gray argillaceous 
sandstones (4) running under the trap on the north side of Thunder Cape ; 
and last season, Mr. Macfarlane detected the higher conformable dolomitic 
sandstones and conglomerate layer (5) also underlying the trap, and in 
unconformable contact with it, on Wood’s Location on the south side of the 
cape. On the west side of Nipigon Harbor, the same columnar trap is 
seen resting upon indurated red marl, believed to belong to the ninth 
division of the foregoing list. In the valley of the Black Sturgeon River, 
the same trap appears to overlie conformably the almost horizontal sand- 
stones, red shales and maris; while in the neighborhood of the portage 
from Black Sturgeon Lake to Lake Nipigon, a similar rock is associated 
with beds of light gray sandstone and dark compact argillite in a vertical 
attitude ; a great mass of trap of the same character, occurring on a 
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higher level, appears as if it might overlie the whole unconformably. 
Additional details in regard to these rocks, as they occur on Lake Superior 
and around Lake Nipigon, will be given further on, but much remains to be 
done before their sequence is properly worked out. 

The age of the Upper Copper-bearing rocks has always been considered 
as doubtful, and although provisionally classified with the Lower Silurian, 
the name which they received was intended merely to distinguish them from 
the Huronian, or Lower Copper-bearing series. It has been mentioned by 
Sir W. E. Logan in the Geology of Canada, page 85, that the difficulty in 
determining their age arises from the absence of fossils of any kind. As, 
however, new facts accumulate in regard to them, it becomes probable that 
they may now be considered as of Permian and Triassic age. Being of a 
different general lithological character, as shewn in the foregoing list, and 
much greater thickness than the Lower Silurian rocks of any contiguous 
part of the continent, and being without fossils, which are generally so 
abundant in these rocks, are all facts unfavorable to the supposition of their 
being of Silurian age ; while the prevalence of such great volumes of marls 
and sandstones charged with the red oxide of iron, and of great overflows 
of basalts, amygdaloidal and other trap rocks, the peculiar composition of 
the dolomitic sandstones, together with the presence of various zeolites and 
native copper, and the existence of brine springs, cause them to bear a 
strong resemblance to the rocks of Permian or Triassic age in Nova Scotia. 


THE THUNDER BAY REGION FROM PIGEON RIVER TO BLACK BAY. 


The shore of Lake Superior, from the boundary line at Pigeon River to 
the mouth of the Kaminitiquia, is overlooked by bold cliffs, coming 
close to the lake, and rising to a height of from 500 to 1000 feet above its 
level. This part of the coast, as pointed out in the Geology of Canada, 
p. 77, is occupied by the shales of the lower group, while the higher hills are 
all capped by the great basaltic trap overflow, which, as already mentioned, 
appears to constitute the newest member of the whole series. The same 
rocks seem to occupy the entire area northward to the Whitefish Lake and 
River, where they terminate in bluffs facing the north-west, similar to those 
which face to the south-east on the shore of Lake Superior. A correspond- 
ing arrangement marks the northern boundary of this area, where, to the south 
of the Kaminitiquia, below the mouth of the Whitefish River, and nearly 
corresponding with the southern boundary of the townships of Neebing 
and Paipoonge, high north-facing bluffs of trap, resting upon the lower 
membèrs of the series, overlook the valley of the river. The shales and 
associated rocks, which crop out at a low angle from beneath the trap, 


continue, however to the north side of the lower stretch of the river. 
x 
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Their northern boundary would be roughly indicated by a line drawn from 
the Grand Falls, to a point on the shore of Thunder Bay, about six miles 
east of the mouth of the Current River. 

As pointed out in the Geology of Canada, p. 67, the lower members of 
the formation, which underlie the trap in this region, consist, in ascending 
order, principally of conglomerates, chert beds, hard shales of a bluish- 
black color, with some dolomite layers, and sandstones. Interstratified 
beds of more or less crystalline dark colored trap also occur in several 
parts, particularly towards the bottom of the series, and dykes of the same 
rock are common. The whole formation has a general dip, at a very 
low angle, to the south-eastward, or towards the lake. The darkly colored 
cherty and jaspery beds are often finely mottled with darker and lighter 
shades of green and spots of black and red. Sir W. E. Logan has referred 
to the occurrence of pebbles of this character on the shores of Thunder 
Bay. The rock was found in place on the flanks of Rabbit Mountain 
in the township of Paipoonge, three miles south of the Kaminitiquia River. 
Bands of reddish jasper were found in the slates on the opposite side of 
the river, at about the same distance from it. The occurrence of upwards 
of one hundred feet of the dark hard argillaceous shales, lying nearly 
horizontally at the Grand Falls of the Kaminitiquia River, is noticed in 
the Geology of Canada, page 68. Similar rock was found in situ, in 
several places on the river below the falls, the lowest being on lot 13, 
range A., about six miles from its mouth. It was also traced for two or 
three miles up the bed of the Slate River, which enters the Kaminitiquia, 
on the south side, near the east town-line of Paipoonge. 

A trap dyke, curiously weathered, and standing up conspicuously out 
of the shale, crosses the stream about half a mile above its mouth. The 
bed of the Whitefish River is much encumbered with boulders, but the 
shales are seen here and there in the lower part of its course. At about 
twelve miles south-west of Fort William, and two or three miles north-west 
of the shore of Lake Superior, opposite Pie Island, a lake occurs, called 
Ka-zee-zee-kitchi-wa-ga-mog, which was surveyed by Mr. W. W. Ruggell, 
of our party. It was found to be seven and a-half miles long, in a 
north-east and south-west course, and one mile wide in the middle, and 
surrounded with high bluffs of trap, like that crowning McKay's Mountain. 
Its surface has an elevation of several hundred feet above Lake Superior, 
and Sucker Brook, which discharges its waters into the lake, rushes down 
over the underlying almost horizontal shales. These contain numbers of 
singular spheroidal concretions, similar to those observed by Sir W. E. 
Logan in the shales of the same formation, in the bed of the Kaminiti- 
quia. 

A river entering Lake Superior, between Pine River and Sucker 
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Brook, called by Mr. McKellar Cloud River, was followed by him to 
Cloud Lake, a distance of about six miles from its mouth. He found the 
shales and associated rocks of the lower group all along the bed of the 
stream, while the tops of the hills were composed of the trap of the crowning 


overflow. The whole of the district between this part of the north-west shore Cloud River. 


of Lake Superior, and the Whitefish Lake and River, is described as very 
broken, with numerous lakes surrounded by bluffs of trap. Whitefish River, 
which was found to be unfit for canoeing, except for a mile or two from its 
mouth, does not flow from the lake of the same name. Its upward course 
is described as curving round to the northward at about twelve miles from 
its mouth. Whitefish Lake is about seven miles long from east to west, 
and about two miles wide. High trap bluffs are said to overlook it on the 
south side. Proceeding westward, shales, similar to those of the lower part 
of the Kaminitiquia, are reported as occurring between Arrow and Gun- 
flint Lakes, and a specimen of the dark variegated jasper of this series, 
picked up on the shore of the latter lake, where it was said to exist in aitu, 
was given me by a gentloman who had just come through it in a canoe. 
The south shore of the lake is said to be steep, and it is probable that.the 
great trap overflow extends thus far. The Upper Copper-bearing rocks 
would appear to terminate at the west end of Gun-flint Lake: 

The stratified rocks, both of the mainland and the islands from Pigeon 
River to the Kaminitiquia, and from Thunder Bay for a considerable 
distance eastward, are cut by innumerable trap dykes of all sizes, running 
parallel to each other, in a northeasterly course. They, therefore, form 
a slight angle with the general direction of the shore, it having a more 
northerly trend. 

The Hudson Bay Company's winter trail from Fort William to Bass- 
wood Lake, follows the Whitefish River, Lake, and Portage, in going from 
the Kaminitiquia to Arrow Lake, but this route is impracticable for canoes. 
Many years ago, Lord Selkirk had a waggon-road opened from the Pares- 
seux Rapids on the Kaminitiquia, to Whitefish Lake, which was used as a 
summer route, in connection with the boundary-line chain of lakes. The valley 
of the Kaminitiquia, from the mouth of the river to the junction of the 
Whitefish, a distance of about twenty miles, is covered with yellowish sand 
and loam, underlaid, in the lower levels, by bluish-grey clay. The breadth 
of these alluvial deposits from north to south, on the dividing line between 
Neebing and Paipoonge, is about seven miles, and it is apparently greater 
here, than either above or below. The soil does not appear to be fertile, 
except close to the river, and towards the mountains on the south side, 
where hard maple occurs in groves, which are used by the Indians for 
sugar-making. 

North of this alluvial tract, at the south-west corner of mining-lot 1, 
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Herrick’s survey, three-fourths of a mile north of the town-line of Neebing, 
nearly horizontal calcareous beds occur, containing small coral-like 
silicious concretions and vertical cylinders of chalcedony, transverse sections 
of which shew fine concentric rings resembling agate. Beds of dolomite 
are seen about the north end of lot 3, of the same survey. Sandstone, 


containing magnetic iron, is found on lots 1, 2 and 3, Herrick’s survey. 


On the northern part of mining-lot 54, adjoining the last, black silicious 
shales occur, which, with the other strata in the neighborhood, have 
a slight dip to the eastward. An exposure of trap, supposed to be a dyke, 
appears In a Swamp on mining-lot 55, between lot 3 and the north line of 
Neebing. At a place called the Algoma Mine, on the north-west corner 
Jot (25 in the 5th range north) of Neebing, there is an outcrop of thinly- 
bedded, flaggy, hard, dark grey sandstone, largely composed of partacles of 
magnetic iron, and weathering to arusty color. A brook, with a perpen- 
dicular fall of fifteen feet, has here cut a channel through the rocks, and 
exposed about twenty feet of the beds, which lie almost horizontally, or dip 
very slightly to the north. A specimen, which appeared to represent the 
greater part of the mass, has been found by Mr. Broome, the chemical 
assistant to the Geological Survey, to contain 37.73 per cent. of metallic 
iron, 80 that the rock may be considered an iron ore. Three veins, one of 
them thirty-one feet in width, and holding galena, occur here. These, 
with the iron-sandstone, will be more fully described under the head of 
Economic Minerals. The same highly ferruginous sandstone, dipping very 
slightly east-north-east, is again exposed on the banks of a brook on 
mining-lot B, rather more than a mile north-east of the Algoma Mine. 

On mining-lot C, about two miles north-east of the Algoma Mine, a vein, 
which contains copper pyrites, and will be again referred to, cuts the 
same sandstone, which here has a horizontal attitude. At a mile from this 
locality, in a course bearing N. 35° E., and about the south end of 
mining-lot G, there is a north-east facing bluff, thirty feet high, com- 
posed of similar sandstone, having a slight dip to the south-westward. 
Following the same course, at half a mile from this locality, there occurs, 
on mining-lot H, an exposure, fifty feet wide of dark compact, fine- 
grained trap, running S. 75° W., (mag.), but whether belonging to a 
dyke or a bed could not be determined ; and at about one mile, on mining- 
lot J, a south-facing cliff, of similar trap, about twenty feet high. Further 
on, another south-facing cliff of trap occurs, at three hundred and fifty 
yards from the last ; and at half a mile, a high north-facing bluff of the same 
rock is met with on the north ends of lots J and K, running N. 75° 
E. (mag). About a mile to the east, on mining-lot L, this bluff sweeps 
around, and formsthe termination of a ridge pointing to the east-north-east, 
which is seen conspicuously from Thunder Bay. The upper fifty feet or 
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more, at the termination of this ridge, consist of trap, but the black shales 
appear to run below it, in which case, it would belong to a bed interstra- 
tified with the sedimentary strata of the group under consideration. 


On the east side of the Current River, three ridges, composed of similarly 


interstratified trap, each having a north-easterly course, are met with on Trappean rocks, 


the Thunder Bay Mining Company’s location, and the lots adjoining it on 
the east, and a fourth runs in the same direction across the southern part of 
the Shuniah Mining Company’s location. From Bare Point on the 
former location, a ridge of trap runs almost due west a considerable dis- 
tance, and may also be an interstratified mass. The surface of the trap, 
on the south side of the point, dips south, at an angle of 20° to 25°, and 
the black shales are found on each side, close toit. The trap which is 
met with at the commencement of the Red River Road occurs in a 
similar manner. Along the north shore, from Bare Point, eastward 
to the head of Thunder Bay, a distance of twenty miles, nearly all the 
islands, including Kitchi-minis, or Big Island, and the extremities of 
almost all the points, are composed of trap, associated with the shales, and 
in most cases, resting upon the lower portion of the group. The Welcome 
Islands, opposite the mouth of the Kaminitiquia, and four miles from it, are 
composed of the grey argillaceous sandstones of the lower group, and trap, 
apparently belonging to dykes. 

On the Kaminitiquia River, as indicated in the Geology of Canada 
page 68, the shales of this group come in contact with the older rocks, 
about one-third of a mile above the Grand Falls. In tracing eastward the 
line which marks the southern boundary of the Laurentian and Huronian 
rocks, it 1s found, after a few miles, to make a bay to the north, crossing 
the Red River Road, about ten miles from Thunder Bay, returning to it 
at four and a quarter, and recrossing again at three and a quarter miles. 
The interval is occupied by the thinly bedded black chert, hard dark shales, 
weathering black, and some arenaceous and conglomerate beds, which lie 
almost horizontally where they come up against the gneiss. On the bank 
of McIntyre’s River, on mining-lot M, there is an exposure of arenaceous 
beds and dark slates, like those at the Grand Falls of the Kaminitiquia, 
all weathering to an iron-black. Some of the beds here are composed 
of small black hard rounded grains, in a white apparently silicious 
cement. The strata dip north 40° west (mag.) < 15°, and have a thick- 
ness, in the exposed section, of one hundred feet or more. A brecciated 
vein, forty feet wide, which will be again mentioned, crosses the river 
on this lot. From the point where it intersects the road, at three and a 
quarter miles from Thunder Bay, the boundary of the gneiss runs north- 
eastward to the Current River, which it crosses on mining-lot 8. At this 
place, the Laurentian roeks appear to be confined to a narrow breadth on 
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the river, and to be flanked by the black shales on the south, and by the 
dioritic alates of the Huronian formation on the north. 

LimitofCopper- From the intersection of Current River, the southern boundary of the 

bearing rocks, . 
older formations runs about due east, coming to the shore of Thunder Bay 
near Goose Point, seven miles from the mouth of the river. Continuing 
eastward, it cuts off all the points, (the metamorphic rocks being seen at 
the bottoms of the coves), along the north coast of Thunder Bay, to within 
four miles of its head, where it strikes inland, with a north-easterly bearing. 
Between the Current River and the head of the bay, the Upper Copper- 
bearing rocks repose, in some places, upon the Laurentian, and in others 
upon the Huronian series. At the Thunder Bay Mine, one of the thick 
beds of trap, already referred to, is underlaid by about fifteen or twenty 
feet of alternating beds of dark shale, impure dolomite, argillite, and what 
appear to be diorite layers. These are followed, in descending order, by 
massive dark olive and drab-grey argillaceous slate, about fifty-five feet of 
which have been cut in the shafts, the whole lying almost horizontally. 
An exposure of dolomite occurs about a quarter of a mile north-east of 
the mine, which is two and a half miles north-east of the mouth of Current 
River, and one mile north-west of the shore of Thunder Bay. 


LAURENTIAN AND HURONIAN SYSTEMS. 


Northward from the limit of the Upper Copper-bearing rocks, which has 
just been defined, between the Grand Falls of the Kaminitiquia and the 

Laurentian. head of Thunder Bay, the country is occupied partly by Laurentian and 
partly by Huronian rocks, to a distance of about eight miles from the 
former, and about sixteen from the latter. The distribution of the two 
formations is represented, as accurately as possible from present data, upon 
the accompanying plan. North of this area is the country around Dog Lake, 
which is all Laurentian, so far as known. The gneiss of the Dog Lake 
region is remarkable for being distinctly stratified, and containing much 
mica, while that of the outliers to the south is very massive, and generally 
rather of the character of syenite and granite. The Huronian rocks of 
this region consist of slates, some of them dark green and composed of 
hornblende, some greyish-green and dioritic ; others are light-colored, fine- 
grained, quartzose, somewhat nacreous micaceous schists ; while dioritic 
slate-conglomerates, quartzites, fine-grained felsites, massive diorites, 
ribboned jasper and iron ore, also occur. 

Dog Lake. Dog Lake is of an irregular V-shape, the apex, at which the outlet 
occurs, being pointed to the south-west. From the outlet, one arm stretches 
north-eastward fifteen miles, while the other extends east eighteen miles. 
The breadth of the body of the lake, between the junction of the two arms 
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and the outlet, is from two to four miles. From the eastern extremity of 
the lake, the general strike of the gneiss is westward, with the course of 
the longer arm, gradually curving round, till at the outlet it becomes 
south-west. Following down the Kaminitiquia River, from the outlet of 
Dog Lake to near the junction of the Mattawa River, where the gneiss 
terminates, the strike continues to curve a round from south-west to south, 
and finally to south-south-east. On the south shore of Dog Lake, about 
one mile east of the Little Dog Portage, the gneiss, which is coarse- 
grained, and reddish, is full of irregular branching veins, ( some of them a 
foot thick ) of flesh-colored feldspar in large crystals. They run mostly 
with the stratification, which is here on edge, and striking S. 75° to 80° W. 
(mag.). In the neighborhood of the outlet, and along the Kaminitiquia 
River, to Little Dog Lake, the rock is principally mica schist. 

Three miles below the head of Little Dog Lake, the gneiss dips N. W. 
at an angle of 70°. At the first portage, which is about three and a quarter 
miles below the same point, gneiss of a greyish and reddish color occurs, 
associated with mica-schist holding garnets. The strata, which are on 
edge, strike S., from 5° to 10° E., and are overlaid, unconformably, by 
a mass of rather fine-grained, dark reddish-grey syenitic granite, con- 
taining greenish and yellowish crystals of triclinic felspar. At from three 
and a half to four miles below the first portage, reddish gneiss occurs, 
dipping eastward at an angle of 65° to 75°. The junction of the 
Laurentian rocks and the greenish Huronian slates, occurs on the Kamini- 
tiquia River, about a quarter of a mile above the mouth of the Mattawa. 
Eight miles east of the Kaminitiquia, the line between the two formations 
crosses the Old Dog Lake Trail, at fifteen miles from Thunder Bay. 
Northward from this point, the trail, for two and one half miles, passes over 
massive red syenite, studded with large crystals of flesh-colored orthoclase 
feldspar, which give it the appearance of a very coarse porphyry. It 
shews no trace of stratification or lamination of any kind, and the feldspar 
crystals, which measure from one to two inches on the side, have no regu- 
larity of arrangement. At about eighteen miles from Thunder Bay, the 
trail crosses a ridge of rather fine-grained reddish-gray granite, composed 
of about equal parts of quartz, feldspar and mica Between the twenty-mile 
station and the southern bay of Dog Lake, which is about twenty-four 
miles from Thunder Bay, fine-grained micaceous gneiss and mica-schist, 
running south, 15° west, (mag.) with a vertical dip, are seen in places 
02 the trail. 

As already remarked, between the third and fifth miles the Red 
River Road passes over a spur of the Laurentian area, which lies 
_ between it and the Current River. Where it first makes its appear- 
ance on the road, at about three and a quarter miles from Thunder Bay, 
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it consist of very light reddish-gray quartz rock, with a little feldspar, and 
small specks of black mica. About a mile further on, very dark green silicious 
slate and hornstone are met with, running N. 70° E. (mag.) and vertical. 
They are associated with a dark green coarse-grained massive rock, 
resembling diorite, and may belong to the Huronian series. About a 
quarter of a mile north of the five-mile post there is a prominent point of 
coarse-grained gray syenitic gneiss, containing large flesh colored crystals of 
feldspar. Thin bands of a black micaceous hornblende rock, and small compact 
reddish bands, run irregularly east and west in the mass. Dykes of black 
trap, which have a zig-zag appearance, owing to numerous small disloca- 
tions, cut it in a north and south course. One of these dykes was observed 
to enclose patches of the country rock. 

The Dog Lake Trail leaves the Red River Road about the seventh 
mile, and'soon comes upon the gneiss, which is exposed along it for a 
breadth of five miles, when the Huronian slates commence. It consists of 
reddish and grayish gneiss, alternating in thick and thin bands, and 
striking NE at right angles to the road, or about east-north-east 
and west-south-west ; but at about a mile from its northern limit it appears 
to dip west at an angle of 60°. 

At the ten-mile post, on the Red River Road, there is an outcrop of 
massive light reddish-gray syenite, containing more feldspar than quartz, 
and conspicuously marked with elongated crystals of black hornblende. 

The band of gneiss, already mentioned as occurring on the Current River 
on mining-lot S, as well as another which crosses the same river about 
eight miles from its mouth, are believed to be spurs from this area. 

Coarse grayish-red syenite occurs between two branches of the 
Current River, ten miles from its mouth, also on the shore of Thunder Bay, 
near Goose Point, and three miles north of it, and again near the shore, 
for three miles on each side of McKenzie’s River. In each of these 
places it appears to form an outlier, surrounded by the Huronian 
slates. A similar rock was found by Mr. McKellar on the Current 
River, at nineteen miles, in a straight line, from its mouth, and the 
main body of the Laurentian gneiss is about one mile fartheron. To the 
east of Current River, and ata distance of four or five miles north of 
Thunder Bay, there occurs a range of hills of gneiss and syenite, which 
continues eastward to Black Bay. A spur from this range comes out 
upon the west shore of Black Bay, at Granite Point, and a number of small 
outliers, surrounded by the red marls of the Upper Copper-bearing series, 
occur to the south of the range, in the township of McTavish. Granite 
Island, in Black Bay, is also Laurentian. The rock at all the last mer- 
tioned localities is pink, of a granitoid character, composed mainly of 
feldspar and quartz, not coarsely grained, and containing no mica and very 
little hornblende. 
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In ascending the Kaminitiquia, the Laurentian rocks are first seen at 
about one-third of a mile above the Grand Falls, where gray quartzose 
gneiss, containing some feldspar, is exposed at the second portage, and is 
overlaid by hornblendic, passing into dioritic schist, containing actinolite 
crystals and specks of iron pyrites, and dipping N. 5° W. (mag.)<60°. 
A breadth of 150 paces of this rock is exposed at the head of the portage. 
At about four miles above the Falls, grey micaceous gneiss occurs at the 
next or third portage. It contains colorless quartz, with white and 
yellowish crystals of feldspar, and a little hornblende. The rock is of a 
massive character, and encloses short lenticular patches of mica-schist, 
running with the stratification, which dips N. 5° W. (mag.)<75° 

Between the margin of the Upper Copper-bearing rocks, on the north 
shore of Thunder Bay and the Laurentian range, already described, all 
the country not occupied by the syenitic areas which have been men- 
tioned, appears to be composed of rocks of the Huronian series. These 
consist of diorites, dioritic conglomerates, hornblendic and fine-grained 
micaceous slates, with some quartzites. In ascending the Current River, 
the first four miles are upon the Upper Copper-bearing rocks, but beyond 
this, to a distance of about twenty miles in a straight line from its mouth, 
Mr. McKellar found nothing but Huronian slates of different kinds, with 
the exception of the gneiss band, at about eight miles, which has been 
already referred to. At the end of this distance he came upon the 
south-east border of the Laurentian area surrounding Dog Lake. 

On the old trail from Thunder Bay to Dog Lake, the space between the 
twelfth and fifteenth mile-posts is occupied by Huronian slates. Those on 
the south side of the interval have a green chloritic appearance, hold 
grains and cubes of iron pyrites throughout, and irregular patches of red 
and reddish-gray feldspar in the planes of bedding or cleavage, which is 
almost vertical, and runs N. 80° W. From thirteen and one-half to four- 
teen miles, the rock is a very dark hard greenish clay-slate, apparently on 
edge, and running generally N. 60° E. At fourteen miles, a band of a 
somewhat arenaceous character occurs, striking N. 65° E. It has been 
already mentioned, that in descending the Kaminitiquia River, the gneiss 
ends, and the Huronian slates begin, at about one-fourth of a mile above 
the junction of the Mattawa. Opposite the mouth of this river, the rock 
forming the bank of the Kaminitiquia is a fine-grained rather soft dioritic 
slate of greenish and bluish-gray colours. The general strike of the 
cleavage or bedding is east and west, varying ten degrees each way, and 
its dip southward, at an angle of about seventy degrees. It is cut by 
numerous short irregular veins or patches and strings of white quartz, 
holding a little lilac-coloured petalite. The course of these is about 
N. 25° E. (mag.) On the tops of the hills, near the south side of 


Huronian 
rocks. 


Huronian 
rocks. 


Jasper and tron 
ore. 


330 GEOLOGICAL SURVEY OF CANADA. 


the Mattawa, and about one mile from its mouth, dark green silicious clay- 
slate occurs on edge, and runs N. 85° W. Massive and laminated bands, and 
bands of different shades of colour alternate. It contains numerous 
quartzose strings, weathering yellow, also reticulating strings and 
irregular parallel veins and strings of pure quartz. Spots or kernels 
of a lighter colour and more granular character than the rest of the rock 
run in irregular groups through it. The Huronian slates are said to con 
tinue westward, the whole length of the Mattawa River, and along the 
shores of Shebandowan Lake, from which it flows Mr. G. F. Austin, 
P.L.£., informed me that after going a few miles up the river he found 
the slates to assume a softer and more talcoid character than they possess 
at its mouth. A specimen of light-coloured, very fine-gramed quartzose, 
somewhat nacreous, micaceous schist was brought by Mr. Andrew 
Bell, P.L.S., and one of dark greenish-grey clay-slate, by Mr. Thomas 
Monro, C.E., of the Public Works Department, from Shebandowan Lake ; 
and the Indians have brought to me specimens of greenish hornblendic and 
dioritic slates from the same lake. In the hills on the left side of the 
Kaminitiquia River, a finely banded rock, made up of jasper and magnetic 
iron, occurs at the distance of one mile south-east of the junction of the 
Mattawa. The alternating beds are usually not more than from one-half 
inch to two inches thick, and present a very striking contrast ; the jasper 
being brown or bright red, while the magnetic iron is black, finely granv- 
lar and glistening. The beds are somewhat contorted, but their general 
strike appears to be about east and west. On the west side of the Kami- 
nitiquia River, at about a mile and a-half below the Mattawa, the same 
ribboned jasper and iron-ore rock occurs, associated with black arena- 
ceous layers, semi-translucent banded chert, approaching chalcedony, 
and dark fine-grained hard ribboned argillite or felsite, having a con- 
choidal fracture. These strata are considerably contorted, and dip at high 
angles, but their general course appears to be north-westward. On higher 
ground, overlooking the river at this locality, and possibly unconformable 
to the strata just described, are thick beds of fine-grained greenish- grav 
diorite, mottled with small light red patches, with others of a greenish-grey 
diorite, coarsely porphyritic from the presence of numerous crystals of 
greenish feldspar. The beds vary from one foot in thickness, up to fifteen 
or twenty feet, and strike N. 65° W. (mag.), with an inclination to the 
north-eastward of about 75°. Following the river downward, the dark 
green hornblendic, and lighter fine-grained mica-slates are observable 
wherever the rock is exposed, as far as the band of gneiss, which has been 
already mentioned as occuring at about four miles above the Grand Falls. 
The dip is northward, at angles varying from 50° to 70°. At a short 
portage, about a mile above the place where the gneiss occurs, there is a 
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band of slate of a rather lighter colour than usual, and weathering yellow, Huronia 
from the presence of numerous grains of iron pyrites. It also holds grains reeks 

of clear quartz, about half the size of peas, and in the cleavage planes, 

scales of silvery mica. In the Geology of Canada, (page 65) it is 
mentioned that in this part of the river some very large boulders with a 
brownish or blackish matrix, having much of the trappean aspect belonging 

to some of the varieties of the slate-conglomerate, and holding blood-red 

jasper pebbles and balls of iron pyrites, have been observed, resting upon 

the green slates, and apparently not very far removed from the parent 

rock. 

Strawberry Brook joins the Kaminitiquia on the east side, about half-a- 
mile below the Mattawa. The lower reaches of these two streams, entering 
from opposite sides, lie almost in the same line, and appear to run on the 
same belt of rock. Following the Red River Road from the Kaminitiquia 
towards Thunder Bay, the green Huronian slates are the only rocks seen 
to within ten and one-half miles of the latter, where the red syenite, 
already mentioned, is met with. At thirteen and one-half miles, the 
green slate holds numerous specks of iron pyrites, and is cut by a north 
and south trap dyke, about five feet wide. In the neighbourhood of the 
eleven-mile post, similar slates, holding strings .of quartz, are thickly 
spotted with white grains. The strike is here about north and south, 
apparently conforming with the western side of the gneiss area already 
referred to, between this road and Current River. 


THE PENINSULA BETWEEN THUNDER BAY AND BLACK BAY 


is occupied entirely by the rocks of the Upper Copper-bearing series. The 
northern limit of the formation would be approximately marked by draw- 
ing a line from a point six miles north of the extremity of Thunder Bay, 
eastward to Granite Point on Black Bay. The lower group, comprising 
the chert bands, shales and argillaceous sandstones, is found near the 
water’s edge, all along the south-east shore of Thunder Bay, from its head 
to Thunder Cape. From the head of the bay, these rocks extend inland 
to Silver Lake, a small sheet of water ata distance of four miles, in a 
northerly course, from the shore. In approaching the Cape, and when within 
about six miles of its extremity, the line marking the sammit of the lower 
group sweeps round and comes to its south side, near Ryanton, which is 
situated about the middle of Wood’s Location. On Thunder Cape, a cliff, 
three miles long, rises to a height of 1,850 feet above the water, and forms. 
the most conspicuous headland on Lake Superior. The upper part of the 
cliff is composed of the columnar trap of the crowning overflow (12.) It is — 
of a dark color and crystalline. Mr. Macfarlane has observed that the 
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coarsely grained varieties prevail towards the summit, and those of a finer 
texture near the contact with the underlying strata; and a similar fact 
was noticed by myself in the Nipigon country. This trap is composed of 
grayish and greenish feldspar and hypersthene, with a little hornblende and 
magnetic iron. According to Mr. Macfarlane, the rock would be called 
hyperite. (Canadian Naturalist, new series, vol. rv, page 460.) The 
argillaceous sandstone beds, which underlie the greater part of the trap in 
the cliff, are almost horizontal, but still their surface appears to have been 
denuded or disturbed before the trap was laid upon it; and on the west- 
ern part of Wood's location, where the eastern termination of the cliff 


occurs, Mr. Macfarlane found a distinct want of conformity between the 


great trap overflow and the underlying conglomerates and dolomitic sand- 
stones (5), which rest conformably upon the argillaceous sandstones. The 
light gray dolomitic sandstones (6) sweep round from the shore of Lake 
Superior, on the eastern part of Wood’s Location, to a point on the south-west 
side of Thunder Bay, about six miles from Thunder Cape, from which they 
continue north-eastward, forming a conspicuous cliff close to the shore of 
the bay, all the way to its extremity, and beyond it to Silver Lake. North 
of this lake, they are again found on the south side of the Laurentian range. 
The red sandstones and shales, interstratified with whitish sandstones and 
conglomerate layers (7), and the indurated red and yellowish-gray 
calcareous marls (9) run longitudinally, with a breadth of from two to four 
miles, through the whole length of the peninsula; and in the township of 
McTavish, they appear to spread out all along the south flank of the Lau- 
rentian range from Silver Lake to Granite Point, a distance of about eleven 
miles. In this interval, numerous spurs and outliers of the syenite 
protrude through the red marls. The compact light reddish limestones 
(8), which come between the two last mentioned sets of rocks, and which 
may prove valuable for burning into quick-lime, occur on the shore of Lake 
Superior in the vicinity of the eastern side of Wood’s Location. The 
white and the red argillaceous sandstones with conglomerate layers (10) 
occupy the western side of Black Bay, from its entrance to McEachran’s 
Point in the township of McTavish, and may extend inland, in some places, 
to a distance of two miles. Several lakes occurring on this peninsula, 
which have not hitherto been represented on the maps, are shown on the 
accompanying plan. We are indebted principally to Mr. P. McKellar 
for these new geographical features. The lake entering Wood’s Location, 
but lying principally to the north of it, is estimated by Mr. Hugh Wilson, 
P.L.S., to be six miles long and three miles wide. The small lake on 
Thunder Cape has an elevation of several hundred feet above Lake 
Superior. 
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The country around the head of Black Bay, and across to Nipigon Bay, 
is low and level. The general upward course of the Black Sturgeon River, 
which enters the northern extremity of the former bay, sweeps round ii a 
regular curve from north to north-west, and at the end of forty-four miles 
reaches Black Sturgeon Lake. This lake may be described as lying to 
one side of the general course of the river, the upper section entering the 
southern extremity of the lake only one mile and three-quarters west of the 
point where the lower section discharges from it. The upper section of the 
river, in ascending from the lake, is found to have, at first, a very tortuous 
course, with low land on each side. At three or four miles south-west of the 
point at which it enters Black Sturgeon Lake, it divides into two branches, 
in following either of which, we pass through a lake ; Pike Lake on the 
more southerly branch being about two miles across, and Cyclas Lake on the 
other, about one mile. At about fifteen miles from Black Sturgeon Lake, 
the southern branch enters a hilly country, and the northern branch at 
about thirteen miles; but east of this range, the whole tract through 
which the two branches pass is comparatively level, and the country con- 
tinues so to Black Sturgeon Lake and the lower section ofthe river. The 
upward course of the south fork of the river just mentioned, extends 
south-westward in two principal branches (each proceeding from lakes) to 
a distance of about thirty miles beyond the point at which it enters the 
hilly country ; so that the whole length of the general course of the river 
would be about ninety miles, but following its windings, about double that 
distance. Black Sturgeon Lake stretches in a north-westerly direction. It 
measures two miles in width by thirteen in length, and comes within about 
one mile of the southern arm of Black Sturgeon Bay on Lake Nipigon. A 
valley, paved with rounded boulders, extends from one to the ther. The 
two lakes appear to have nearly the same level. I was informed by an 
old Indian that, in former times, whenever the water happened to be high, a 
small quäntity flowed from Lake Nipigon into Black Sturgeon Lake, but that. 
it had altogether ceased to do so for the last thirty-five years. The water 
of Black Sturgeon Lake and River is very dark, while that of Lake Nipigon 
is remarkably clear. A small brook enters the south arm of Black Sturgeon 
Bay, and its dark-colored water fills the arm northward to the open bay, 
where it mingles with the clear waters of Lake Nipigon, which could not 
happen if the water flowed from this arm into Black Sturgeon Lake. A pond, 
one quarter of a mile long, occurs on the portage, and it is just possible that. 
a little water may find its way, under the boulders, from Lake Nipigon to 
Black Sturgeon Lake ; but, if so, the quantity must be very small, as the 
Black Sturgeon River appears to be as large where it enters as where it 
leaves the lake, although several large brooks fall into the latter on either 


ime 
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side, and appear to be quite sufficient to compensate for the evaporation. 
A well marked water-line, three feet over the summer level of 1869, was 
observed on the rocks in many places around the shores of Lake Nipigon. 
The Indians say that previous to thirty-five years ago, the water had stood 
for a long time at this height, and that it then gradually fell for several 
years, until it reached its present level. Leaving Black Sturgeon Lake, 
the river of the same name runs nearly straight, in a south-easterly course, 
and is very rapid for six miles and a-half, when it enters Nonwatan Lake. 
This picturesque sheet of water is three and a-half miles long, from north 
to south, and one mile and a-half wide in the middle. It receives a con- 
siderable stream called Nonwatan River, from the westward, the upward 
course of which lies south-westward for a considerable distance, through 
a level country. Leaving this lake, the Black Sturgeon River flows slug- 
gishly between marshy borders for the distance of a mile, to Lake 
Nonwatanose (or Little Nonwatar), one mile in diameter and nearly round. 
At two miles and three-quarters below this lake, we come to Esh-qua- 
nonwatan Lake, two miles in length, and the last one on the river. 

It has been mentioned that a level tract of land occurs on the west side 
of Black Sturgeon Lake, and along the upper section of the Black Sturgeon 
River. This continues down the western side of the lower section toa 
distance of about three miles below the last lake, from which point the 
river, for a distance of fifteen miles, is approached, at intervals, on either 


- side by high hills, leaving a valley of perhaps three or four miles in width 


between them. Below this, the country again becomes level to Black Bay 
on Lake Superior. 

From the last lake, the river is extremely crooked all the way to its 
mouth. It is interrupted by numerous short rapids, mostly over boulders, 
between which the current is slack, with deep water and a muddy bottom. 
‘The banks are composed of fine sandy clay, and vary from four to forty 
feet in height. Descending from Black Sturgeon Lake, our larger canoes, 
manned by white men, ran all the rapids in the river, excepting one, m 
which there is a slight perpendicular pitch. The river is observed t 
increase rapidly in volume all the way from Black Sturgeon Lake to its 
mouth, where 1t has become one of the largest rivers entering Lake Supe. 
rior. The. principal tributaries join it from the west side, the country 
between this river and the Nipigon not being of sufficient breadth to afford 
large streams, and such as do exist between the two rivers fall mostly into 
the latter. The largest of these western branches falls into the Black 

Sturgeon River atabout fifteen miles from its mouth. 


Geological description. 


Lower Section. High hills approach the Black Sturgeon River upon 
the west side, beginning to the southward at a point about eight miles from 
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the mouth, and continuing at distances varying from less than one mile to 
more than three miles from its banks, to within two or three miles of the 
lowest lake. Those nearest to Black Bay have an elevation of about a 
thousand feet, but the height diminishes very much in receding from Lake 
Superior. These hills appear to be composed principally of the reddish 
sandstones, shales, and indurated marls of the Upper Copper-bearing series, 
lying almost horizontally, and capped by an overflow of columnar trap of 
varying thickness. ‘he rocks exposed all along the bed of the lower sec- 
tion of the river, from Black Sturgeon Lake to the mouth, belong, with a 
few exceptions, to the same series, being principally indurated marls and 
sandstones. Black trap occurs at the first rapid, one mile and a quarter 
below the lake, but from this point downward, indurated red marls, with 
light greenish layers, all lying nearly horizontally, are beautifully exposed 
along the banks of the river to Nonwatan Lake. At three miles below 
Esh-qua-nonwatan there is an exposure of dark brownish fine-grained 
compact felsite, ribboned with lines and patches of reddish and others of 
greenish color. It dips at a low angle, southward, and resembles some 
of the beds associated with the Upper Copper-bearing series in the Thunder 
Bay region, but may be Huronian. An exposure of trap is met with in 
the bank of the river, just above the main west branch, at about fifteen miles 
from the mouth, and another at about eight miles from the same point. 
No fixed rock was observed along the south-west side of Black Sturgeon 
Lake, except near its head, where black trap occurs on both sides, and con- 
tinues down the north-eastern shore for seven or eight miles, when Lauren- 
tian gneiss is met with. From this point, a considerable area of gneiss 
stretches along the north-east side of the lake, towards the outlet. High hills 
of trap rise on the east side of Nonwatan Lake, and continue southward, with 
more or less regularity, for a distance of about sixteen miles, or to within 
twenty miles of Black Bay. At about sixteen miles from this bay, the hills 
on the east side are composed of greenish slates, supposed to be Huronian, 
striking about N. 70° E., and dipping at a high angle to the northward. 
From this locality, hills of reddish Laurentian gneiss run close to the river, 
in a continuous range, varying from five to seven or eight hundred feet in 
height, for a distance of about six miles towards its mouth. These hills 
form part of the western boundary of a Laurentian area, extending to the 
Nipigon, and which will be described in connection with that river. 

Upper Section. No solid rock appears at the southern end of Black 
Sturgeon Lake, but pebbles of indurated red mar] and impure limestone are 


Upper Copper 


abundant on the beach. The black trap occurs at the first rapid on the north Brine spring. 


branch of the upper section of the river, about six miles south-west of the 
lake. At the head of this little rapid, a brine spring is found on the north 
bank of the river. It rises among loose masses of the trap, in the imme- 
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diate vicinity of the same rock in situ. Angular fragments of indurated 
red arenaceous mari, some of them having light spots, were also common 
in the neighborhood, and it is probable that the brine proceeds from strata 
of this nature underlying the trap. Small ridges of the latter rock were 
crossed, here and there, in making two traverses between the north and 
south branches. It has been mentioned that a range of hills crosses the 
northern branch at about thirteen, and the southern at about fifteen miles 
from Black Sturgeon Lake. This range appears to run south-eastward 
for a considerable distance towards Black Bay. Its eastern flank is com- 
posed of dark coarsely crystalline trap. Just behind the east slope of 
the range, and between the two branches of the river, a small lake is met 
with, at which, I was informed by the Indians, pipestone, like that of Red 
Rock, (a light-red argillaceous limestone) occurs in situ. The shingle in 
the bed of the south branch, for several miles east of the trap range, con- 
sist principally of fragments of indurated calcareous marls and shales of 
various colors. 


NIPIGON RIVER. 


The Nipigon River empties into the head of Nipigon Bay, which is the 
most northern point of Lake Superior. It is the largest river flowing into 
the lake, and differs from all the others in having clear water. The fol- 
owing appears to be about the order, in size, of the twelve largest rivers 
entering Lake Superior, judging principally by the area which each appears 
to drain: Nipigon, Kaminitiquia, Black Sturgeon, St. Louis (in U. S) 
Pic, Michipicoten, Goulais, Batchawana, Black, Ontonagon (in U. S.), 
Montreal, and Current. The character of the Nipigon River and its size, 
together with the fact of its draining the largest area tributary to Lake 
Superior, and connecting this with a lake of such an extent as Nipigon, enti- 
tle it to be considered as the continuation of the St. Lawrence beyond Lake 
Superior. The general upward course of the Nipigon is due north, 
(astronomically) its mouth and the exit from Lake Nipigon being in about 
the same longitude. Between these points, however, which are thirty-one 
miles apart, the river makes a slight curve to the westward. Four lakes 
occur in its course, to which, in the absence of any other names, we gave 
those which are shewn on the accompanying map. The lowest of them, 
Lake Helen, is only one mile from Red Rock, a Hudson Bay Company's 
post at the head of Nipigon Harbor. At the outlet of this lake the river 
is very narrow, apparently only about 100 yards wide, and sweeps around 
with a strong current (estimated by Admiral Bayfield at four and one-half 
knots an hour) for a distance of about half-a-mile, between banks of boul- 
der-drift, from thirty to forty feet high. Lake Helen, which runs due north 
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is about eight miles long and one mile wide. The upward course of the river 
leaves the west side of this lake nearly at rightangles to the shore. For six 
miles from this point, in a north-westerly direction, it has a width of about 
five chains, with deep water, and a moderately strong current, flowing in 
a bed of alluvial sandy clay, with Laurentian gneiss close to the east side, 
sometimes approaching quite to the brink of the river ; while on the west side, 
the same rock comes to the water towards the end of this stretch. Here 


the river makes a sharp bend to the right, and is broken by aslight chute at ” 


Camp Alexander. At one-quarter of a mile above this point the Long 
Rapids begin, and continue for two miles; but in ascending the river they 
are avoided by turning into a brook on the west side, and following it for about 
three quarters of a mile, and from it a portage of one mile and a-half 
brings us to the foot of Lake Jessie. This lake, which is three miles long, 
and studded with islands, is separated from Lake Maria, immediately above 
it, and two and one-half miles in length, by The Narrows, six or eight chains 
wide, in which there is a strong current, with a fall of six inches or more. 

A very high west-facing cliff of columnar trap approaches the river from 
the south-westward, at the head of Lake Maria, and runs from this point, 
in a tolerably straight course, all along the east side of the river to Lake 
Nipigon. ‘Trap cliffs also occur on the west side of the river from Lake 
Maria to Cedar Portage, the distance being two miles. This portage is 


Lakes and 
rtagea, 


250 yards long. A mile and a-quarter above it there is another portage, : 


of fifty yards, over an island in the middle of the river. Three quarters of 
a mile above Island Portage, the One-Mile Portage, (2600 paces) begins. 
At rather more than one mile from the head of this portage the river. 
breaks in a white foaming chute, across a narrow ridge of trap, which 
separates Lake Emma from the lower level. A narrow arn, in continua- 
tion of the course of the river, just below White Chute, and parallel with 
the east shore of Lake Emma, but on a lower level, extends beyond the 
chute to a distance of about a mile, where a portage of 280 yards is 
made across the low trap ridge to the lake which has just been mentioned. 
This lake is nearly four miles long. Between it and the point at which the 
river leaves Lake Nipigon, a distance of some six miles, four principal rapids 
occur, the lowest of which is seen where the river enters the northern 
extremity of Lake Emma. The canoe route turns aside from the waters 
of the Nipigon at the north-west angle of this lake, and for one-quarter of 
a mile follows a brook flowing from Lake Hannah, which has a slightly 
higher level than the last lake. Four miles more, in a north-westerly 
course, brings us to the head of Lake Hannah, from which Flat Rock Por- 
tage, about one mile in length, carries us to the shore of Lake Nipigon. 
The following list shews approximately the levels in ascending the river, 
and the height of Lake Nipigon above Lake Superior. The three princi- 
Y 
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Levels. pal ascents, namely, at the Long, the One-lile, and the Flat Rock Portage, 
were determined by observations with two aneroid barometers; the others 
were estimated as carefully as possible, on the ground. 





Feet 
Current between Red Rock and Lake Helen........ccccccrcccccesorcvce 2 
Current in river from Lake Helen to Camp Alexander, six miles, at one foot 
per Mile... soso ressessossenssssvens cnrs sscenesscssssnsce 6 
Chute at Camp Alexander..........scccreccccccccccsccreccseccsereene 4 
From the last to foot of Long Portage, by way of Portage Brook.......... 8 
Rapids at Long Portage.......,...,.... ss sonsosssessosssoseusseses 137 
Current in The Narrows, between Lakes Jessie and Maria... .......ceecees i 
Current from last lake to Cedar Portage. ... 2.00 cece ccccccccccccccscesse 1 
Cedar Chute... sono sonne sense cessteceseesensctsece 10 
Current from Cedar Chute to Island Chute............. ons 1 
Island Chate........... TETITETITETIT none eTITeTET TTT Terr rT Tre 7 
Corrent from the Island to the One-Mile Portage... .......cccccscece wees 2 
Rapids at One-Mile Portage......cccccccccccccnccccccccscccncseracene 45 
Current from One-Mile Portage to White Chute............s.so.sosseuse 1 
White Ohute......... soso corsseso sms osenen cesse secessescctessese 6 
Current in brook between Lakes Emma and Hannah...............,,.,,. 1 
Rise from iast lake to Lake Nipigon, (Flat Rock Portage).......+.ecc-ces 813 
Lake Nipigon above Lake Superior... ...cccecsccccscccccccccccacssscces 313 


Geological description. 


From a cove on the west side of Nipigon Bay, about four miles south of 
Red Rock, a belt of level sandy ground, which is swampy in some places, 
runs westward to the Black Sturgeon River. Hills of columnar trap, 
resting upon the indurated red marls and associated rocks, rise both to the 
Bed maris and north and south of this level tract, near Nipigon Bay, but they do not extend 
far westward. Near the Black Sturgeon River an isolated hill rises from 
the level ground. On the sides of this hill the red maris are frequently 
exposed, while the summit appears to be composed of trap. The hills of 
gneiss, which have been mentioned as running down the east side of the 
Black Sturgeon River, terminate at about ten miles from its mouth. Fron 
this point the southern limit of the Laurentian area runs northeastward to 
within about a mile of Red Rock, where the black trap is found resting 
upon horizontal beds of a gray shaly arenaceous rock. On the west side 
of the Nipigon the hills of gneiss approach the river between Lake Helen 
and Camp Alexander, and continue northward for some miles along the 
west side of Portage Brook, which joins the river on the lower side of the 
Long Portage. The whole country, from this section of the Nipigon River 
south-westward to the Black Sturgeon, as far as it is known, is composed 
of Laurentian gneiss, in a succession of high ridges, the depressions between 
them being generally occupied by long ponds or marshes. 
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On the east side of the river, in ascending from Lake Helen, the gneiss Gneiss. | 
at first dips northward at an angle of about 70°, but soon changes to the Jos 
opposite direction, the synclinal axis being about two miles from the lake. es 
Beyond this the dip is uniformly northward, at high angles. The trap ae 
begins at Camp Alexander, and continues up the west side of the river, ad 
and of Lake Jessie, while gneiss, with a north-eastward dip, occupies the + 
eastern side of the lake. At the head of the Long Rapids the trap, which | Se 
is seen resting upon the gneiss, is close-grained and compact, while oe 
further away, on the east bank of the Portage Brook, it is of a coarser texture, FE, 
and thickly spotted with crystals of whitish feldspar. The land is low on 
the western sides of Lakes Jessie and Maria, but somewhat hilly to the 
east of them. Gneiss occurs at the Narrows, between these two lakes ; and oe 
on the east shore of Lake Maria, a short distance northward, there is à Mic schist. Th 


considerable display of mica-schist, dipping N. 10° E. < 45°. Overlying 3 
this, at the north-east side of the lake, and just under the high trap bluff ees, 
already referred to, there is a great thickness of quartzite, probably Huro- 7 re 
nian, dipping N. 20° E. (mag.) < about 80°. Above this lake the river oy 


passes for two miles through a gorge in the trap. Mioa-schist, holding an 
abundance of garnets, and running N. 50° E. (mag.), begins at Island Por- 
tage, one mile and a-quarter farther up, and continues to the One-Mile . | 
Portage, beyond which the black trap was the only rock seen in situ to the 4 
shore of Lake Nipigon, following the canoe route by the Flat Rock Por- 4 
tage. Atthe north-west end of Lake Hannah angular fragments ‘of a hard Li 
coarse-grained gray sandstone are abundant, shewing that the parent rock 
is not far distant. 





LAKE NIPIGON AND THE SURROUNDING COUNTRY. Ù 


Nipigon, the name by which the lake is commonly known, is a contrac- 
tion of an Indian word signifying ‘‘ Deep Clear-water Lake.” Our plan 
of operations in making the survey has been already explained. The 
general outline of the lake we found to be elliptical, the longer diameter jaye nipigon. 





lying a little west of north, and measuring about seventy miles, while ita 4 
breadth is about fifty miles. The shore is, however, deeply indented by 3 
large bays, especially on the south side. Ombabika Bay, on the north- = 


east side, is the largest in the northern part of the lake, being nearly twenty 3 
miles long, with an entrance only one mile wide. These indentations add "| 
greatly to the length of the coast-line, which measures 580 miles, without ; 
following the smaller bays and coves. This circumstance will, no doubt, k 
be of much advantage in colonizing the land surrounding the lake, since 

it renders so much of it accessible from the water. 








Lake Nipigon. 
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Nipigon differs from the other great lakes in being thickly stadded with 
islands, adding much to the beauty of the landscape. It has been already 
mentioned that in the course of our survey we ascertained the size and 
position of about 460 of the islands, and located approximately about 100 
more. ‘These vary in size from eight miles, in their principal diameter. 
down to a few chains in length, but the numbers stated do not include anv 
mere rocks, destitute of trees. . Many islands, at a long distance from 
shore, could not even be located. Probably the whole number in the lake 
exceeds a thousand. Four of the largest islands range from five to eight 
miles in diameter, while others, measuring between two and three miles, 
are numerous. 

The Nipigon River, which issues from the south-east side, is the only 
outlet of the lake. I have referred to the fact that, many years ago, 
according to the Indians, a small quantity of the water escaped into Black 
Sturgeon Lake. From our observations along this river, it would appear, 
as already stated, that the surface of the lake is about 318 feet over Lake 
Superior. The shores are generally bolder, and the water deeper on the 
southern and western sides than on the northern and eastern, where long 
sand-beaches and shallow bays are of frequent occurrence. Mr. William 
Armstrong, of Toronto, who visited Lake Nipigon in 1867, states that close 
to Echo Rock, a line 540 feet long was lowered without reaching the 
bottom. Although we did not actually ascertain the depth anywhere at 
a distance from land, it always appeared to be very considerable, and I 
have observed the Indians fishing in upwards of a hundred feet of water, 
within a stone’s throw of the shore. 

The following are the names, in order of apparent size, of the sixteen 
largest streams flowing into the lake, and their positions are shown on the 
accompanying map: Kay-oshk or Gull River, Na-me-wa-min-ikan or 
or Sturgeon River, sometimes also called the Poplar Lodge River, from 
the name of the Hudson Bay Company’s post at its mouth, O-na-ma-ni- 
sagi or Red Paint River, Pick-i-ti-gouch-ing or Muddy River, Ka-bi-to- 
ti-quia or the river which runs parallel to the shore, Om-ba-bi-ka or Rising 
Rocks River, Wa-ba-nosh or Dawning Day River, Ka-ma-ka-te-wa-ga-mig 
or BlackjWater River, Posh-ko-ka-gan River, Ka-wa-ba-ton-gwa or White 
Sand River, Ka-ba-sash-kan-da-gi-sino River, Pa-jit-chig-a-mo or Look-out 
River, Sandy River, Katch-an-ga-ti-na-wi or High Hill River, Ka-nee-sha, 
and Ka-nee-sha-sing River. 

The aspect of the country immediately around Lake Nipigon, and of 
the islands, within it, is undulating and sometimes hilly, although level 
tracts of considerable extent occur in some places, and will be again 
referred to in describing the soil. The most prominent or noted eleva- 
tions near the lake, are those of Three Mountain Point near Flat Rock 
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Portage, Grand Cape, the hills on the south-east end of Grand Island, Lake mipigon. 
Tchiatang’s Bluff on the east side of Black Sturgeon Bay, a low range 
terminating in Echo Rock near Nipigon House, Mount Royal on Jackfish 
Island (so called from its resemblance to Montreal Mountain), the Inner : 
and the Outer Barn, Mount St. John, and the Sugar Loaf. The height 
of Echo Rock we found to be 241 feet above the lake, of the Inner Barn 
622, and of the Outer Barn 574 feet above the same level. 

In regard to geographical names, we endeavored to ascertain all those 
used by the Indians, both in reference to places on Lake Nipigon itself 
and in the surrounding country. These we always adopted in preference 
to any others. For the correct meaning and mode of spelling the Indian 
names, I am indebted principally to Mr. Henry De La Ronde, of Poplar 
Lodge. There are, however, many geographical features for which the 
Indians appear to have no distinctive names. When names of any other 
origin existed for these, we always adopted them. There still remained 
many localities for which we could hear of no designation whatever, and 
it then became necessary, for the convenience of description, to give names 
to them. 


Geological description. 


East Side.—The following geological description of the eastern side of 
Lake Nipigon from Flat Rock Portage, on the south side, to Meeting Point, 
at the northern extremity, is taken from Mr. McKellar’s plans and notes. 

Following the shore eastward from the portage, the only rock to be 
found, with the exception of an exposure of limestone, about to be noticed, trap rocks. 
13 the black or dark gray columnar trap, supposed to belong to the crown- 
ing overflow (12) ; until reaching a cove one mile north of Black Water 
River, where Huronian rocks begin. On Columbus Point and Prince 
Alfred’s Island, which lies close to it, the trap is coarsely crystalline and 
contains much magnetic iron. It is cut by numerous ill-defined veins of 
bright red orthoclase feldspar, holding grains of semi-translucent quartz. 
In the vicinity of the outlet of the Nipigon River the shores are bold, 
rising from 50 to 200 feet above the lake, with but little soil. Both fine 
and coarse grained varieties of the trap occur here; the weathered 
surface of the latter often shewing large crystals of black pyroxene. 
East of the outlet a deep narrow bay, forming the south-eastern extremity 
of the lake, and called by the Indians Pi-jit-a-wa-bi-kong, runs southward 
parallel with the river. The ground is bold and rocky on each side of 
this bay, and rises to heights varying from 100 to 300 feet above the lake ; 
while a prominent point on the east side, called Green Mountain, rises to 
a height of upwards of 400 feet. 


Huronian 
rocks. 
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The limestone which has just been referred to, is met with on the eas 
side of Cook’s Point, two miles west of the outlet, where it extends for a 
mile along the shore, and in some places rises from fifteen to twenty feet 
above the water. It is thinly bedded, and consists of alternating whitish 
and olive-green layers. The rock, which has a fine homogeneous texture 
and conchoidal fracture, is magnesian and argillaceous, and when burnt 
would probably form a good cement. Some indistinct forms, resembling 


fossils, occur in it, but nothing definitely organic was observed. The lime 


stone band is generally horizontal, but in some places it is thrown intoa 
series of small anticlinals, having their axes north and south. It is overlail 
by the trap, which rises to a height of about 100 feet immediately above 
it. Near the contact of the two rocks the limestone is somewhat altered. 
being white and crumbling, as if calcined, while the trap holds reddish 
greenish and dark brown nodules and veins, together with small veins of 
white calc-spar and quartz. For a space of ten or twenty feet above the 
limestone, the trap is filled with red specks of oxide of iron, probably 
resulting from the pyrites which commonly prevails in the rock. 

From the bottom of the cove at which the Huronian rocks begin, 1 
valley runs eastward from the lake, and is overlooked on the south side by 
a trap bluff, nearly 800 feet high. The rocks occupying the lower 
ground to the north, consist of dicritic slates, dipping generally N. 25° 
W. (mag.) <889. Some of the beds are made up of elongated masses, 
running with the stratification, and varying from a few inches up to one or 
two feet in their longer diameters. The inclosed masses are harder and 
more compact than the slaty matrix, but otherwise have much the same 
character and appearance. Quartz veins, running with the stratifics 
tion, are very numerous. They are of a lenticular form, generally 
diminishing rapidly in thickness each way. Where one vein ends another 
usually begins at a few feet on either side of it. The largest are four a 
five feet thick in the middle. The quarts has a barren appearance, ani 
nothing of a metallic nature was observed in any of the veins. Many od 
the slate beds on each side of them are chloritic, and have smooth shining 


surfaces. These Huronian rocks extend to the bight of the bay on the 


south side of Grant’s Point, a distance of two miles and-half. Here the 
trap again makes its appearance, and occupies the shore to the south side 
of Sandy River, but it does not appear to extend far inland. 

From this river the dioritic slates continue for five miles, terminating st 
a cove, three miles in a straight line, north of Poplar Lodge, which is a 
the mouth of the Na-me-wa-min-i-kan River. On the north side of Sandy 
River, they appear to dip southward at an angle of 45°, and at Poplar 
Lodge, N. 55° W. < 85°. In the vicinity of Poplar Lodge, besides the 
ordinary diorites and dioritic slates, there are chloritic slates and diorit¢ 
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slate-conglomerates. The enclosed masses in the last mentioned rock are 
both rounded and angular, and vary in size from small pebbles to boulders 
or fragments aix inches in diameter. They are lighter in color than the 
matrix, and shew more distinctly on worn surfaces, especially when wet, 
than in fresh fractures. 

From the above mentioned cove, three miles north of Poplar Lodge, 
the trap occupies the shore to a bay .seven miles farther on. At the 
bottom of this bay a green slaty rock, supposed to be Huronian, makes it 
appearance, and is followed by quartzite, which may belong to the same 
series. The quartzite is sometimes interstratified with irregular beds of 
greenish chloritic and dioritic slates, and broad bands of a red granitic rock. 

The strike in this neighbourhood varies from about east to south-east, and 
the dip is vertical. For two or three miles south of Livingstone’s Point, 
the rocks are of a gray gneissoid character, and are often cut by granite 
veins, running in different directions. Livingstone’s Point. which is five 
miles long and from one to two miles wide, is composed of trap, rising to 
the height of 200 or 250 feet on the north side. 

The rock, both of the islands and the main shore in the eastern part of 
Humboldt’s Bay is gneiss, mostly fine-grained and compact. On a small 
island two and a-half miles south-west of the mouth of the O-na-ma-ni-sagi 
River, which enters the bottom of the bay, the gneiss dips northward at 
an angle of about 80°, and is composed of whitish quartz and fedlspar, with 
black mica so arranged as to give the rock a schistose appearance. It is 
cut by a great number of branching and reticulating veins, varying from 
half-an-inch to one foot in thickness, and belonging to three distinct sets, 
the newer cutting those of older date. They are composed of red feldspar, 
white quarts and black mica. The newest set is coarsely crystalline, and 
contains but little mica; the oldest is the least crystalline, and contains 
mica in sufficient quantity to give it a dark color; while the second set is 
intermediate between them in both respects. On an island lying one mile 
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west of the mouth of the O-na-ma-ni-sagi River, regularly stratified gneiss, . 


in which hard slaty micaceous beds predominate, dips N. 14° KE. (mag.) 
<75°, and rests upon a massive granitic rock. Thin, somewhat granular 
quartz layers or veins in the micaceous gneias, on the west end of this 
island, carry copper pyrites. A few trap dykes cut the gneiss on some of 
the islands in the eastern part of this bay, their courses being between 
north and north-west. The largest one observed is about fifty feet thick. 
Dykes are rare on the shores of Lake Nipigon, only a few besides those in 
this locality having been observed. Along the north aide of Humboldt’s 
Bay the gneiss is overlaid by trap, which appears to occupy a considerable 
area in this neighbourhood. 

Both the southern and northern extremities of the South Peninsula of 
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Ombabika are composed of trap, the central portion being occupied by 
reddish coarsely erystalline granite or granitoid gneiss, with trap on some 
of the points and islands on the west side. Sandstone of a light gray 
color, rather fine-grained, hard and quartzose, occurs on the shore in three 
or four places between five and six miles south of the entrance to Ombe 
bika Bay. It flanks the granite, and strikes northward with the shore, 
dipping eastward at an angle of 15° in one place, and at another westward 
nto the lake, at an angle of 80°. ‘Trap, in the form either of beds or 
great dykes, is associated with it. 

Ombabika Bay is nearly twenty miles long in a north-westerly direction. 
Viewed from the opposite shore, the country all along its north-eastem 
side, appears level and covered with green wood. Gneiss occurs near the 
mouth of the Ombabika River, and on a low islet about a mile north-west 
of it, and again on a point eight and a-half miles north-west of the river. 
In all of these localities it is intersected with small granitic veins, and at 
the one last mentioned, shows on the surface very distinctly the outlines 
of angular pieces of syenite imbedded in the mass. 

In ascending the Ombabika River, Mr. McKellar made three portages 
around rapids or chutes of about ten, thirty and twenty-five feet fall, respec- 
tively ; the last being about two miles in a straight line from the lake, 
Above this, the Indians informed him that no more portages occur for à 
long distance, and that the river passes through a lake lying seven or eight 
miles from its mouth in an easterly direction. The Indians all agree n 
describing the Ombabika River as flowing through a level country. Iti 
said to rise in a lake three miles long, from which a stream also flows into 
the Albany River. From the mouth to the third fall the banks are from 
forty to eighty feet high, the lower portion being a calcareous blue clay, 
and the upper a mixture of sand and clay ; while above this fall the sur 
face of the country appears to maintain the same general level as below 
it, the banks only rising from ten to twenty feet over the river. The sl 
is excellent, being a dark-colored crumbling loam, free from boulders, and 
supporting a thick growth of tall, but not large spruce, balsam, tamarat, 
poplar and white birch trees. The rocks at the third fall are gneis, 
with beds of a white granular quartz holding occasional scales of mic 
and crystals of iron pyrites. The portage is 390 paces long, and appears 
to be much used by the Indians. At the lower end the gneiss dips à 
40° W. (mag.) < about 45°, and at the upper, where the bedding is very 
distinctly marked, S. 80° W. (mag.) < about 60°. 

The north peninsula of Ombabika, about twelve miles long, appears i 
be composed entirely of trap. Between this peninsula and Meeting Pout, 
the country north of the lake seems to be all trap, rising in hills, sometime 
800 or 400 feet high, while some points on the lake shore consist of gneiss, 
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having generally a north-western strike. At one place, a short distance 

east of Meeting Point, the rock consists of epidosite, beautifully banded Lake Nipigon. 
with shades of a darker and lighter green. In the same neighborhood a 
fine-grained variety of the trap is cut by small veins of thomsonite. 

West Side.—Starting again at Flat Rock Portage, the fixed rocks of 
the whole shore, and of the islands, as far as they came under our obser- 
vation, consist of the black or dark greenish-gray trap, with a few excep- Columnar trap. 
tions, which will presently be described. The trap is generally crystalline, 
coarse-grained massive and columnar, and contains, in addition to the feld. 
spathic and augitic minerals, magnetic iron and iron pyrites. Under the 
influence of the weather, much of it becomes friable, and crumbles into 
gravel-like pieces, and eventually into soil. The process is no doubt aided 
by the decomposition of the pyrites, which is present, often in considerable 
quantities. This circumstance, and the columnar character of the trap, 
account for the peculiar effects arising from its denudation, producing an 
irregular and generally rocky coast-line, and many islands, with deep water 
around them, combined with good soil on the land. The trap is so strongly 
magnetic as to render the compass generally unreliable, and often totally 
unserviceable in its neighborhood. The coarse-grained varieties were obser- 
ved to be more strongly magnetic than those of a finer and more compact 
character. When not strongly affected by local attraction, the variation 
of the magnetic needle ranged from 2° to 6° east of the true meridian. 
Where the bedding is distinct the surfaces often present reticulations 
resembling those formed in mud left by the drying-up of pools. These 
are marked, either by a difference in the color or in the character of 
the rock, causing them to weather out more rapidly than the rest of the 
mass. Distinctly marked stratification is, however, of exceptional occur- 
rence, 80 that we were unable to determine the general structure and 
arrangement of the rocks throughout this great trap region. The first 
place at which well-marked bedding was noticed occurs on the west side 
of Long Point, where, at about three miles south of the extremity, the 
beds, which are from one to four feet thick, and exhibit the reticulating | 
crack-marks, dip westward into the lake at an angle of about 70°. Ona 
small islet close to the shore at this locality, numerous small veins follow- 
ing the joints in the trap, are filled with flesh-coloured thomsonite. 

On the east shore of Black Sturgeon Bay, from the commencement of 
the narrow arm leading to the portage, for a distance of about two miles, 
the trap is interstratified with beds of argillite, felsite and sandstone, all 
on edge, and running in a northerly direction. These rocks appear along 
the margin of the lake, at the foot of Tchiatang’s Bluff, 400 or 500 feet 
high, which runs for four miles along the south-east side of this bay; but 
their relation to the great mass of trap constituting this bluff was not - 
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determined. Some of the felsite beds are soft greenish and earthy ; 
others harder and schistose. The argillite is hard dark colored and com- 
pact, with a conchoidal fracture; while the sandstones are light-colored 
and soft. One bed of the latter, of a very light greenish-gray color, is 
composed of fine silicious and argillaceous particles, with scattered grains 
of translucent quartz. High bluffs of trap continue down the east aide of 
the arm towards the north-west extremity of Black Sturgeon Lake. Under 
these cliffs, at a distance of half a mile from the open bay, there is a band 
of light-gray tender harsh-grained sandstones, about 100 feet thick, dipping 
S. 80° W. (mag.) < 50°, which appears to come between great masses 
of the coarse crystalline trap. Two miles further south, or about a 
quarter of a mile north of the extremity of Black Sturgeon Lake, beds of 
a coarse light-gray sandstone, holding occasional pebbles, mostly of white 
quartz, are found lying against the side of a hill of gray splintery 
schistose felsite. The sandstone dips south-westward at an angle of about 
40,° while the felsite dips in the opposite direction, with an inclination of 
about 60°. At the point on the south-west side of the Narrows, at the 
entrance to Chief’s Bay, the trap is in beds from one to five feet thick, 
dipping north-eastward into the lake at an angle of about 40°. 

On the opposite side of the Narrows, which are half a mile wide, the 
trap is overlaid by compact argillaceous magnesian limestone, with a con- 
choidal fracture, dipping S. 25° W. (mag.) < 5°. The beds are from 
three inches to two feet and a-half in thickness, and present different 
shades of a grayish and olive-green color: Although the section exposed 
does not appear to exceed ten feet in thickness, so regular and slight is 
the dip that these rocks extend for a quarter of a mile along the shore, 
and are seen along a brook to the north-westward, and in the bottom of the 
lake in front. Small pear-shaped bodies, about the size of peas, weather 
out on the surfaces of some of the beds, but they show no organic struc- 
ture, either outwardly, or in sections examined under the microscope. 
The same olive-green limestone occurs again on the north-east shore 
of Chiefs Bay, about two miles from. the Narrows. The beds are 
from six inches to two feet thick, and dip 8. 40° W. (mag.) < 8°. A 
section of six or eight feet is exposed, and the strata are underlaid cor 
formably by beds of fine-grained compact black trap, shewing crack-marks 
on the surface. Similar trap is met with, in thin beds, only from six inches 
to one foot in thickness, at the foot of the first rapid on the Poahkokagan 
River, about three miles south of its mouth, which is at the southern 
extremity of Chief’s Bay. The dip is here N. 60° W. (mag.) < 5°. On 


the west side of the river, at this rapid, a bank, composed of gravel, sand, 


loam, clay and boulders, rises to the height of sixty or seventy feet. On 
its side, and in the bed of the stream, are many angular fragments, some 
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of them of large size, of gray, red, darker and lighter green and m 
sandstone and indurated marl, and others of a soft white marly limes 
which, my Indian guide informed me, occurs in situ on this rit 
about thirteen miles, in a straight line, south of its mouth. The 
man pointed out to me a spot on the west side of the Poshkokagan, 

half a mile below the first rapid, at which a spring of brackish water i 
from the mad, when the river is low. 

A small island, only a few chains in length, lying at the bott 
Grand Bay, and about one mile north of Tchiatang’s Bluff, is compo 
coarse light gray gneiss, consisting of quarts, feldspar, and a little 
with a few thin interrupted bands of mica-schist. The stratificat 
vertical, and runs about N. 85° W. (mag.) The trap nearest t 
island is very fine-grained, tough and compact. This was the only exy 
of gueiss observed around the whole of the southern and western & 
of the lake, as far as Wabinosh Point; unless, indeed, some patct 
white-weathering rock, which were observed behind the shore, nes 
south side of West Bay, should prove to be Laurentian. The ; 
begins on Wabinosh Point, at one mile north of the bay of the 
name, and continues in a low narrow strip along the shore, for a di 
of one mile and three-quarters, and is overlaid by the trap, which ri 
cliffs 300 feet high, immediately above it. The rock is of a light 
color, and composed of white quarts, feldspar, and black mica, with s 
of epidote. Mica-schist and coarse red feldspar-rock are associated 
it in one place. The general dip is S. 15° E. (mag.) < 65°. Gne 
again met with on several small low points and islands, for three 
along the shore opposite Windigo’s Islands, in the north-western p 
the lake. It is of the same character as the last, and like it, cor 
occasionally, patches of mics-achist and of coarse red crystalline fel 
In the distance mentioned, the bedding appears to have a synclinal 
dipping north at an angle of 80° in the south part, and south at an 
of 45° in the northern ; being evenly stratified in both localities, but 
what disturbed in the central part. The most northern of Win 
Islands is composed of gneiss, the others of trap. The north shc 
Windigo’s Bay is low, and the country behind, level, with three is 
conical hills rising from it, within sight of the lake. The most remar 
of these is the Sugar Loaf, about 800 feet high, and lying at a distal 
two miles and a-half northward from the mouth of the Pickitigou 
River. This river was surveyed for a distance of four miles and 
from the mouth. The only rock met with was a small hill of trap c 
west side, at two miles from the lake. The high ground on Meeting! 
on the east side of Windigo’s Bay, consists of trap, which is moatly 
grained near the shore, while the islands at its extremity, and some « 
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small points to the north-eastward, are composed of gneiss. The latte 
rock is mostly of a hard gray massive variety, made up of whitish quart 
and feldspar, with black mica. The last mentioned mineral is abundant 
in some places, and the whole rock occasionally passes into mica-schis. 
In the more quartzose portions, epidote occurs in strings and disseminatel 
particles. The dip is generally north-eastward. On the north point of 
an island three quarters of a mile west of the extremity of Meeting Point, 
there is an irregular vein of white quartz, a few inches wide, ranning À. 
50° E., and carrying specular iron and crystals of green epidote. 

The lake shore, and the islands from the Hudson Bay Company’s fam 
at Nipigon House, to English Bay, a distance of three miles, are occupied 
by a brick-red porphyry, composed of crystalline red orthoclase feldspar, 
with grains of translucent quartz, enclosing finer stratified patches of 
the same color, and others of white quartz. It also holds spots of 
a soft green earthy mineral, and small cavities lined with crystals of 
feldspar. A point on the west side of Jackfish Island is also composed of 
this red rock. In some places it is broken into regularly shaped blocks 
of a convenient size for building. 

The shore, just below Nipigon House, is covered with angukr 
blocks and slabs of very evenly bedded, rather fine, free-grained sani- 
stone. In one of the fields, just south of the house, a considerable 
number of large angular masses of the same rock occurs. It is mostly of 
a rich, dark reddish-brown color, and being easily worked, would make 
fine building stone. Some of it splits beautifully into very even and 
parallel-surfaced slabs, which would form excellent flagstones. These 
thinly bedded portions consist of alternating reddish and grayish layers, 
each only a few inches thick. We were informed that an excavation, 
which had once been made near the shore at this place, shewed some beds 
of the sandstone lying horizontally, in situ. Angular fragments of coarse 
gray sandstone with ripple-marked surfaces, and of a soft friable ashy 
gray argillaceous rock are numerous at Nipigon House. 

Dog Island, lying in front of Nipigon House, and separated from the 
mainland by a channel a quarter of a mile wide, is composed of fine 
grained black trap, apparently lying almost horizontally. On the man 
land opposite the south end of Dog Island, fine-grained black trap al» 
occurs, and dips S. 20° E. (mag.) 5°. Mount Royal, on Jackfish Island, 
is about 400 feet high, and consists of trap, which is fine-grained near the 
junction of the red porphyry, on the west side of the island. The strai- 
fication appears to be nearly horizontal, and the worn surfaces of some beds 
on the shore exhibit closely reticulating crack-marks, very conspicuous). 
The most northern island in English Bay, and the point between this bay 
and Wabinosh Bay, consist of the black trap. The red porphyry, and ako 
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the sandstone of this locality, would therefore appear to be overlaid to the 
south, east and north by this rock. 

A survey was made of the lower Wabinosh Lake, and of the river con- 
necting it with the head of the bay of the same name. Tho trap hills 
around Wabinosh Bay, and the lake just mentioned, are from 400 to 500 
feet high; while the Inner Barn, with its sides of columnar trap, rises like 
a great castle, in the middle of the bay, to a height of upwards of 600 
feet, and appears to be the highest point around Lake Nipigon. The 
Outer Barn, four miles east of the others, and having much the same 
appearance, we found, by means of the aneroid barometer, to be 574 fect 
in height. 

Judging from the descriptions and sketch-plans obtained from the 
Indians, the country drained by the streams from the south-westward, 
flowing into Lake Nipigon, and the region for a considcrable distance west 
of the Black Sturgeon River, is occupied principally by the black trap and 
red marls or sandstones of the Upper Copper-bearing series. According 
to the same sources of information, the black trap, interrupted by occa- 
sional areas of Laurentian rock, extends to a still greater distance west- 
ward from Lake Nipigon, and is followed by flat-lying limestones. From 
the description by Dr. Bigsby (Jour. Geol. Soc. Lon.), I should judge 
that the high islands which he observed in Whitefish Lake, between Lonely 
Lake and the Lake of the Woods, consist of columnar trap, like that of 
Nipigon. I understand that Mr. McTavish, of the Hudson Bay Company, 
has observed limestone with abundance of fossils around Lonely Lake, on 
the English River ; and my Indian guide assured me that he had seen a rock, 
which, from his description, I judged to be of the same character, opposite a 
Hudson Bay Company’s post on the Kon-a-don-wen-gwak, or Sand Lake, on 
the Albany River ; apparently in a position corresponding with the north- 
eastern extremity of the so-called ‘ Lake St. Joseph,” of some maps. He also 
informed me that he had seen black trap, similar to that of Lake Nipigon, 
on the Albany River, both above and below the place at which the lime- 
stone occurs; and limestone again below the lower locality of the trap, or 
between it and Martin’s Falls. I learn from Mr. Geo. Barnston, formerly 
of the Hudson Bay Company, that gneiss crosses this river at Martin’s 
Falls, below which the unaltered strata, referred to by Sir John Richard- 
son, continue to the sea. From the descriptions of the Indians, it would 
appear that a gray limestone occurs along the upper part of the Ombabika 
River, which, as already stated, they describe as flowing through a level 
country. | 

It would therefore seem that between Lake Superior and the palæozoic 
region around James’s Bay, there is a complete break in the continuity of 
the Laurentian and Huronian range. A part of this interval is occupied 
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by Lake Nipigon and the surrounding country. The true age of the Uppe 
Copper-bearing rocks of this region may perhaps be most easily determine 
by tracing them to their contact with the fosailiferous palseozoic strata to the 
north or north-west of Lake Nipigon. 

The trap rocks of Lake Nipigon, and the country between it and Lake 
Superior, probably belong, partly to the eleventh division of the list whid 
I have given, on page 818, and partly to the crowning overflow. This my 
be regarded as the newest rock of the whole region, since no strata have 
yet been found lying upon it, either in the Nipigon district, or around 
Lake Superior; while, on the other hand, it is found resting in different 
places, upon almost all the other rocks of the country. The following lis 
of those rocks with which the trap overflow has been seen in contact, recs 
pitulates briefly a number of examples already mentioned : 

1. Laurentian gneiss, at the Long and the One-mile Portage on the 
Nipigon River ; on the north-east side of Black Sturgeon Lake ; and at the 
numerous localities which have been mentioned in the northern part of 
Lake Nipigon, from Wabinosh Bay to Livingstone’s Point. 

2. Huronian slates in various places on the east side of Lake Nipiga, 
from Black Water River to Livingstone’s Point ; and also on what appear 
to be Huronian quartzites at the north-east side of Lake Maria. 

8. Cherts, shales, etc., (2 and 3) of the lower portion of the Upper 
Copper-bearing rocks, south of the Kaminitiquia River, and along th 
coast of Lake Superior from this river to the boundary line. 

4. Argillaceous sandstones (4) of the same group on Thunder Cape. 

5. Dolomitic sandstones and conglomerates (5) of the same group «@ 
Wood’s location. 

6. Red argillaceous limestones on the east side of Nipigon Harbor, nex 
Red Rock. 

7. Red marls on the west side of Nipigon Harbor, and in the isolated 
hill which has been mentioned as occurring near Black Sturgeon River, # 
the portage from Nipigon Bay. 

8. Red marls, shales and sandstones along the lower section of th 
Black Sturgeon River. 

9. Flaggy arenaceous and silicious gray shales, a short distance west ¢! 
Red Rock. 

10. Brick-red quartziferous porphyry, and probably red and gray sat 
stone, at Nipigon House. 

11. It is also found, apparently in contact, with the trap, sandstone, 
argillites, soft greenish and gray splintery shaly felsites, occurring fra 
the east side of Black Sturgeon Bay, on Lake Nipigon, to the northen 
extremity of Black Sturgeon Lake. 

12. Also, apparently, with the rocks of the eleventh division, in t 
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peninsula between Black Bay and the main body of Lake Superior, 
forming some of the higher points, such as The Paps. 


SURFACE GEOLOGY. 


Except in the Laurentian region around Dog Lake, the surface of the 
country examined does not generally present a rounded or mammillated 
appearance. This is owing to the fact that the greater part of the area is 
occupied by the Upper Copper-bearing rocks, which, being of unequal hard- 
ness, and with a stratification approximately horisontal, give rise, by denu- 
dation, to level tracts and vertical cliffs. 

Glacial Strie.—The glacial striæ belong to two sets, one running west- 
ward and the other southward. Around Lake Nipigon, the two sets often 
intersect each other, the one having a western course being the more 
recent. The following table gives a number of examples of the courses 
observed in different places, the directions being referred to the magnetic 
meridian. The variation averaged about 5° east of the true north. 


Older set. Newer eet, 
1. Red River Road, 104 miles from Thunder Bay........,........9. BOOK. ........ 
2. do do 13 do do do ............0.8. 2505. ........ 
3. do do 5 do do d0 ......sssesu soso About W 
4. Mining-lot H, township of Mclntyre............,. .sosssssocoooosses 8.759 W. 
5. Kaminitiquia River at intersection of Red River Road........sesceseee 8. 75°W 
6. South side of Dog Lake.........cceccees neo cossssovsssese 8, 700W. 
7. Near north end of Lake Maria on the Nipigon River...........About S. ...... ee 

Lake Nipigon. 

8. North-west side of McIntyre’s Bay, near portage..... .secccccevccceses 8, 650W 
9. Extremity of Long Point on east side of Grand Bay...........,...... 8. 70°W 
10. Small island at the bottom of Grand Bay.....csccscsesecescccsccceces 8. T0°W 
11. Isd. on W. side Grand Bay 44 miles N. of Tchiatang’s Point....8.10°W., 8. 60°W. 
12. Point do do 7 do do do cceccccscccccesse S. T5°W. 
13. West side of entrance to Gull Bay... ccc csseccccecsccvcccccccsesess 8. 80°W 
14. Rocking-stone Isd. between entrance to Gull md and West Bay. co... 8. s0°W 
15. Small island-in the same vicinity... cccercccncccccsscsecscescccccecs 8, 85°W 
16. Largest island in West Bay......ccccscccscccacecees ecccccscccsessce 8. 85°W. 
17. North end of Dog Island, opposite Nipigon House... cocccesesess §. 809W 
18. Point on west side of Jackfish Island...... cece eeccccccrcccecrer D, 809W 
19. Shore opposite Windigo’s Islands.......,..,...,... eee eescccccccen 8. 60°W 
20. W. side of Britannia Island, 8. W. of Meeting Point..........8. 30°W. se 
21. Extremity of Meeting Point............... coc ccccccccccaseccccetss SB. 75°W 
22. Island two miles W. of entrance to Ombabika Bay.....sssccsseseeese 5. 55°W 
23. Southern extremity of S. Peninsula of Ombabika.......,......8. 138°E. 8. 65°W 
24. Point about two miles north of Poplar Lodge.................8, S°W. 8. 55°W 
25. Poplar Lodge Point.............e.eserosossosssoscesesee 8. 100W, 8. 60°W. 
26. Point 34 miles south of Poplar Lodge.......cccccccsceccscccssceses 8, 85°W 
27. Columbus Point.....ccccescccccccsecsccscccesccssccccsecscsscecs Se 45°W 
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On the east side of the northern extremity of Lake Maria, the groovin: 
is well seen in horizontal lines, up to a considerable height above the water. 
on the side of a perpendicular cliff facing west. Grooves were observel 
slanting, first downward, then upward, forming a regular curve, on the face 
of a vertical wall of trap on the west side of Grand Bay, Lake Nipigon 
At one place in the same vicinity, where the grooves shoot up a very stee 
slope, rising out of the lake, they were observed to diverge in a fan-like 
form, from a depression in the surface of a rock. Around the poin 
between English and Wabinosh Bays, where the shore is bold, and the wate 
deep, the striæ run westward, up very steep inclinations, in some place 
approaching the perpendicular ; in which cases the grooves are short, ani 
the rock has a battered appearance. Occasionally the steep grooved surface 
has a curved form like that of a plough-share. The westward course of the 
more recent set of grooves will account for the greater general depth «i 
the western side of Lake Nipigon as compared with the eastern; while th: 
north and south bays of the southern side may have been eroded by th 
agencies which produced the southward set of grooves. The large angle 
at which the two sets of strize often intersect each other, on even surface. 
is a fact worthy of note in regard to the question as to whether the groove: 
were produced by glaciers or icebergs. 

Drift.—Boulders and pebbles derived from the Upper Copper-bearir; 
rocks of the peninsula between Black and Thunder Bays, have bea 
strewn over the surface of the older formations in the country immediately 
west of the latter bay ; just as the debris of the Lower and Middle Silurian 
rocks has been carried westward over the higher strata of the western 
peninsula of Ontario. On the west side of the Kaminitiquia, at the interse- 
tion of the Red River Road, boulders, with a small admixture of fix: 
material, are thrown up in conspicuous ridges and hillocks at the base of 
the hills, which rise to the height of about 400 feet immediately above 
them. These accumulations appear to have formed the terminal moraine: 
of glaciers proceeding from the valley of Strawberry Brook, direcis 
opposite. 

Around Lake Nipigon the materials of the drift have also evidenty 
travelled westward. On the north side of Wabinosh Bay, great boulder 
from the low gneissic area already described, have been carried in th: 
direction, and scattered upon the overlying trap. One of these, restn; 
upon a hill-side on Wabinosh Point, a quarter of a mile back from the shor, 
measures twenty feet in diameter, and is distinctly seen as a white spi. 
from the level of the lake, at a distance of seven miles. All along th 
north-west shore of the lake, from Wabinosh to Windigo’s Bay, there ar 
numerous boulders of fine-grained hard light-gray quartzose sandstott. 
broadly ribboned with lighter and darker shades of pink. Some of then 
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are rather coarser-grained than the average, and contain pebbles of white Erratic blocks. 
quartz, and more rarely of red jasper. These sandstone boulders have 
probably been brought up from the bed of the lake, between this part of 
the shore and the islands to the eastward. Laurentian boulders were 
seldom seen around Lake Nipigon, except in the vicinity of the same rock 
in stu. Small rounded fragments of light cream-gray limestone, con- 
taining a species of Pentamerus, were occasionally found on the east side 
of the lake ; and a somewhat angular mass of the same rock, measuring 
nearly three feet in diameter by a foot and a-half in thickness, was met 
with on Gneiss Island, at the bottom of Grand Bay. The limestone of 
this block was very pure, soft, and somewhat porous, and full of rather 
imperfect fossils, the commonest being a Pentamerus, which, Mr. 
Billings says, is very like some of the forms of P. galeatus, but probably 
à new species. Mr. Billings also recognises amongst these fossils a species 
of Favosites, with small tubes about half a line in diameter, a Rhynchonella, 
and a species of Zaphrentis, about one inch in length. He says: “ These 
fossils are not sufficient to determine the age of the deposit from which 
they were derived, except in a general way. It is not Lower Silurian, 
and is not so recent as the Middle Devonian. I think it about the age of 
the Niagara formation.” I may here mention that, in 1846, Sir William 
Logan collected, on the shore of Lake Superior, east of Pic Island, a 
number of fossils in loose pieces of light yellowish-brown limestone, and 
some in gray and yellow chert. These fossils have recently been examined 
by Mr. Billings, who says that they “belong to the genera Favostes, 
Zaphrentis, Streptorhynchus, Atrypa, Orthis, Pterinea, Dalmanites and 
Leperditia. They are Devonian. The only determinable species is Orthis 
lowensis (Hall), a species characteristic of the Hamilton group in Iowa. It 
occurs also, far north, on Laird River,and on Snake Island in Lake Winnipe- 
gosis, in the same kind of rook,”’—a light yellowish-brown limestone. Mr. 
Thomas Herrick, P.L.S., informed me that he crossed a patch of flat-lying 
lossiliferous limestone, some two or three miles in breadth, on the Pic River, 
where his line intersects it, at about thirty-two miles, in a straight line, 
northward from its mouth. Fragments of olive-green limestone, similar 
to that described as occurring in place on Cook’s Point and the north-east 
mde of Chief’s Bay, on Lake Nipigon, were found on Champlain Point 
and Britannia Island, in the same lake, and on the shore of Lake Superior, 
near Sucker Brook. . | 
Ridges and Terraces.—On the south side of Dog Lake, terraces of sand 
and gravel, from fifteen to twenty feet high, are seen in some places close 
to the present beach. The high ridge crossed by the portage from Little 
to Great Dog Lake is covered with fine sand. On the north side of the 
Kaminitiquia, begining opposite the mouth of the Whitefish River, a 
Z 
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regular terrace, apparently of gravel and sand, burnt bare of vegetatia, 
and about forty feet high, runs eastward, close to the river, for a distane 
of about two miles. A ridge of boulder-drift about forty feet high, crov- 
ing the Nipigon at the foot of Lake Helen, near Red Rock, and anothz, 
sixty or seventy feet high, at the first rapid on the Poshkokagan Rive, 
have been already mentioned. A ridge of sand, with boulders and stone, 
rising to a height of thirty or forty feet out of a level sandy plain, a 
running in a westerly direction, crosses the Kabitotiquia River about a ff 
miles, in a straight line, south of its mouth. It occasions a small rapi, & 
seventy paces long, over trap boulders, with a fall of four and one-bl & 
feet. This is the only rapid from the mouth of the river to a long distars DE 
above this point. At Champlain Point, the bank of the lake is abu JE 
twenty feet high, and composed of loam and gravel, with boulders in ue & 
lower part. Some of the latter are Laurentian, which are rarely ser 
this part of the lake. A terrace of gravel and sand, rising to the hegt M 
of 150 or 200 feet above the level of Lake Nipigon, runs for a distan: 
of about two miles along the shore between Echo Rock and West Bu. E 
Having been denuded of timber by some recent fire, these terraces bi 

a very conspicuous appearance as viewed from the lake. A term 
about sixty feet high, composed of very fine white sand, runs for two me 
along the shore, northward from the mouth of the Kawabatongwa, and hi: à 
given rise to the Indian name, which means White Sand River. | 

Effects of Recent Ice.—The effects of the spring shoves of lake ic 
are observable in many places around Lake Nipigon, as well as lai: 
Superior, in the form of rows of boulders and shingle piled upon the beach, 
or just between it and the vegetation behind. Where the beach is soft: 
is often found that each boulder has ploughed a furrow from the margno 
the water to its resting place. The rows of shoved boulders were notte! 
particularly along the west side of Grand Bay, and between West Baya 
the entrance to Gull Bay. Very large boulders of trap have been pill. 
apparently by recent ice, upon the small islands in the latter bay. 

“None of the abrading effects produced by river-ice during the sprmg- 
floods, on the banks, trees and bushes, such as are seen along many ofthe 
rivers of Gaspé and the maritime provinces, were observed on any dit 
tributaries of Lake Nipigon, or upon the Nipigon or Black Sturgea 
Rivers. 

Sand and Clay Deposits ; Soil.—In the hilly country around Thuier 
Bay and Dog Lake, where any soil exists, it is usually a yellowish-brw 
gravelly loam, with boulders. The sandy tract, underlaid by lamiss#ed 
buff, drab and bluish clay, along the lower reach of the Kaminitiquia Rirey, 
has been already described, and the existence of nodules in this clay # 
referred to in the Geology of Canadu, page 905. Along the greater pa 
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of this stretch, the banks, on alternate sides, are from forty to fifty feet 
high, the upper half being yellowish sand, and the lower clay. The land 
is low about the mouth of the river, and gradually dips under the lake. The 
surface is here sandy, but the clay is said to be found at the depth of a 
few feet, in digging wells, and a similar condition, no doubt, extends below 
the lake. 

In the valley of the upper reach of the Kaminitiquia, a stiffred clay begins 
at four miles below the head of Little Dog Lake, and extends southward to 
the junction of the Mattawa. From this point it is found along the Red River 
Road, to a distance of about five miles eastward from the Kammitiquia, 
gradually rising to an elevation of 400 or 500 feet above its level. On 
the west side of the river, it is also found on the flanks of the hi!ls above 
the boulder deposits already described, to the height of about 200 feet 
above the river, and it is said to extend westward some distance up the 
valley of the Mattawa. 

There is much good land along the north-west side of Black Bay. The 
country is level and sandy from the head of this bay to Nipigon Bay, and 
a sandy soil extends up the valley of the Black Sturgeon River. The sand, 
which 1s very fine, appears to be underlaid everywhere in these parts by 
clay. 

In the Nipigon country the largest tract of good land appears to lie on 
the south-western side of the lake. From the Nonwatan River, northward 
to the Pajitchigamo, a distance of fifty miles, the country is comparatively 
level, and the soil generally fertile ; but we could not ascertain, from our 
own explorations, how far westward this tract extends. The Indians and 
ithers, however, represent it as continuing nearly to the Winnipeg River, 
ind becoming more generally level in receding from Lake Nipigon. Some 
jf the peninsulas in Lake Nipigon, within the above distance, are hilly, 
but the soil is generally good, even on these, consisting of a brownish 
bam, sufficiently tenacious, when moist, to retain its form after having 
ben pressed in the hand. The rivers entering this part of Lake Nipigon, 
is far as examined, were found to flow, with tortuous courses, between 
nuddy banks of clay, overspread with fine sand. The clay, as seen in the 
banks, generally appears sandy, from having become mixed with the 
Werlying deposit, but when clean sections are obtained, it is usually 
bund to be stiff, tenacious and free from grit. On the higher levels the 
and is often coarser and interstratified with layers of gravel. 

There is a considerable area of good land around the bottom of South 
md McIntyre’s Bays, and on the peninsulas east of the latter bay and 
wall Bay. From the mouth to the first rapid on the Poshkokagan, the 
pamy banks of the river are from twenty to thirty feet high. The Kabi- 
ptiquis River is so crooked that by following its windings from the mouth 
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to the portage leading to Chiefs Bay, the distance was estimated to le 
fully thirty miles, although it is only nine miles in a straight course. Th 
water is deep, and the current slack throughout, except at the slight rapi 
previously mentioned. In ascending the river the banks rise gradually n 
height, increasing from a few inches above the level of the water, at th 
mouth, to five and ten feet, in the above distance. For the first five mile 
there is a wide open margin on each side of the river, covered with grax. 
On both sides, the country is level and the soil sandy, supporting a grow 
of grass and bushes, the timber having been all burnt off by repeated fires 
within the last few years. The land is free from stones, and very litte 
labor would be necessary to make it ready for the plough. 

From the Kawabatongwa River to the Pickitigouching, the country iz 
low, near the lake, and a level tract extends northward to an unknom 
distance from Windigo’s Bay. It is believed that in this direction a large 
area is overspread with light-colored clay. During the spring fresheu 
the waters of the Pickitigouching are said to be quite milky from te 
clay which they hold in suspension, and hence the Indian name of tn | 
stream, which signifies the Muddy River. 

It has been already mentioned that the country is level, and the si 
good, all along the north-east side of Ombabika Bay, and at least ss 
far back from it, in a north-easterly direction, as the eye can reath. 
Below the first rapid on the Ombabika River, from twenty to thirty fet 
of the underlying clay are seen above the water; the upper part of the 
banks, which are from forty to eighty feet high, being composed of sani, 
sometimes interstratified with clay. The clay, which is in horizontal bed, 
is free from pebbles or grit, light blue in color, calcareous, sticky and 
plastic. Above the third portage the river does not cut so deeply into 
these deposits, the banks being only from ten to twenty feet high. The 
soil in this region is a dark-colored crumbling loam. 

On the south side of the Sturgeon, or Poplar Lodge River, as far ait 
was examined, the banks, consisting of fine white sand, rise to the heist 
of thirty or forty feet. An undulating sandy country extends for a nile 
or two to the southward of the river. 

The beach sand around Lake Nipigon and Black Sturgeon Lake is often 
mixed with particles of magnetic iron, probably derived from the tnp 
of the vicinity, but it did not appear to occur in any place in suffcint 
quantity to be of economic value. Particles of garnet were abundant in 
the sand in some places in the northern part of the lake. 

Climate and Timber.—The climate of the Nipigon country appears to 
be as well suited for agriculture as that of the greater part of the pr 
vince of Quebec. Farming has been successfully carried on, for a long 
time, by the Hudson Bay Company at Nipigon House. The timber arowd 
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Lake Nipigon is principally white spruce, white birch, aspen and poplar, Forest trees. 
balsam-fir, tamarac and white cedar, with occasional trees of black ash, 

grey elm, red and white pine. In the month of February last, I had the 

honor of giving full details on these subjects, in evidence before the 
Committee of the House of Commons on Immigration and Agriculture, aad 

I understand that they will be published with the report of the Minister 

of Agriculture. 


ECONOMIC MINERALS. 


The Upper Copper-bearing rocks, all the way from the boundary line to Li ra veins. 
Nipigon Bay, are cut by numerous metaliferous veins. These are so well 
described in the Geology of Canada, pages T4, 75 and 76, that in the 
present state of our knowledge, little of a general nature can be added. 
As.there stated, the veinstones consist of quartz, which is usually either 
amethystine, or else white and granular, calc-spar, barytes, and variously 
colored fluor-spar; and where they cut the higher members of the series, 
zeolites and other minerals are also frequently present ; while their metallic 
contents embrace “ copper, lead, sinc and silver, with more rarely nickel, 
cobalt, arsenic, uranium and molybdenum.” Sir William Logan says, 
(p. 74) “the indications which they present are such as to render it 
certain that many parts of the country characterised by them will, sooner 
or later, rise into importance as a mining region.” It is stated on pages qua. 
76 and 745, that a little gold had been met with in a vein on Prince’s 
location. Since the Geology of Canada was written, Professor Chapman, 
in April, 1868, found the same metal in larger quantity in the ore of the 
Lead Hills location near Black Blay. With regard to this ore, he ssys: 
‘6 Carefully conducted assays show amounts of gold varying, per ton, from 
about 14 to 19 dwts., the mean of those already made giving 17 dwts. 12 
grs., with 2 oz. 2 dwts. of silver.” 

In’reference to the course of the veins, Sir William Logan says (page 74): 
‘ As in the case of the dykes, the mineral veins belong to two systems,— 
one coincident with the range of the rock masses, and the other transverse 
to it. They are therefore parallel to the dykes,”—the one system being 
about N. and S.,and the other varying from N.E. and S.W.,to E. and W.; 
or, on an average, E.N.E. and W.S.W. It will be observed that these 
directions also correspond with those of the two sets of ice-grooves. 

The additional information in regard to economical minerals obtained 
during our explorations will now be given under their respective heads. 

Iron.—Reference has been made to the occurrence of a mixture of 
magnetic iron ore with insoluble matter, chiefly silicious, in the form of 
a thin-bedded deposit, apparently of considerable extent, and containing, ‘ 
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2d, 87-78 per cent of metallic iron. Dr. Hunt says 
welted, but would require a large amount of lime 
. P. Savigny, P.L.S., of Toronto, has shown me 
re magnetic iron ore, which, he says, occurs in large 
ice from the shore of Thunder Bay, near Amethyst 
of pure botryoidal red hematite was given me, 
been found at Arrow Lake. Chief Manitousaise, 
red me some earthy red hematite, used by the 
he says is found in abundance in a hill on the east 
rose. I have seen specimens of hard fine grained 
ave come from the Red Paint River, and pieces of 
thin veins, which are reported to exist just behind 
quantities of specular iron were found in the red 
1e west-facing hills overlooking the Black Sturge 
ted Rock, and the same mineral has been referred 
utz vein on an island off Meeting Point. It wa: 
:. McKellar in small veins, in several places on the 
lar Lodge and Sandy River. It has been already 
c iron in the beach-sands around Lake Nipigon and 
as in no place found in sufficient quantity to be of 
‘indians sometimes mistake the blacker and heavier 
‘iron ore, and might thus mislead explorers. 
1g vein was said to have been found last summer, 
: the north bank of Pigeon River, about two mile: 
ng were reported to have been discovered on Lake 
+-mog and Whitefish Lake. On the north bank d 
sin three or four feet thick, running north-eas- 
th or 5th lot in the township of Paipoonge. It 
z, calc-spar and fluor-spar, with a little coppe 
d galens. In the township of McIntyre, near th 
Teebing, pieces of similar veinstone, with crystas 
scattered upon the surface, indicating the new 
‘om which they have been derived. A large ven 
minerals, and also zinc blende, crosses the Paresseur 
iquia, at the intersection of the side-line betwee 
onge. Mr. Herrick, who surveyed this township 
observed the same vein some miles to the south d 
raced it, on the opposife side of the river, through 
> township. He gives its width as varying from 
It is supposed by explorers to be identical wih 
vein of the Algoma mine, which has been already 
on the north-west corner lot of Neebing. The 
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Wallbridge mine is on the west half of this lot, and here, à shaft, mineral veins. 
said to be fifty feet deep, has been sunk on the same vein. Mineral 
veins of a similar character, and, for the most part, running in a direction 
approaching E.N.E., have been discovered in a considerable number of 
localities among the Upper Copper-bearing rocks in the township of Mc- 
Intyre, and along the north shore of Thunder Bay, and thence to Black 
Bay. They are too numerous for separate description within the limits of this 
report, but their positions are shewn upon the accompanying map. The 
largest vein examined, occurring upon mining-lot M, has been already 
mentioned. It is composed of quartz, with a very little calc-spar, and is of a 
coarsely brecciated character, much of it consisting of a net-work of small 
veins ; its total breadth is forty feet. Openings which have been made 
upon it where it is crossed by McIntyre’s River, on this lot, do not appear 
to have brought to light any kind of ore. Its course is here N. 50° E. 
imag.) with an underlie to the 8.E. of about 10° from the perpendicular. 
Being harder than the sandstones and shales of the country, it forms a 
small ridge, which is rendered conspicuous by its white color. Mr. Mac- 
farlane describes a vein having the same character, width and course on 
Shangoniah Island, in front of Wood’s location, (Can. Nat., Dec. 1869, 
p- 461.) A vein of about the same breadth, consisting of calc-spar and 
barytes, with some specks of galena, occurrs on one of the small islands 
lying to the south-east of Pie Island, and was examined by two of our 
party. I was unable to visit the Lead Hills location, which is situated in 
the township of McTavish, at the distance of three or four miles west of Lead mine. 
the shore of Black Bay, and where a rich vein of lead ore occurs in a pale 
red indurated marl. In a report on this location, Professor Chapman says : 
<< The vein consists of a gangue of quarts, with enclosed portions of wall- 
rock, and some heavy spar, etc., carrying a very strong lode of intermixed 
copper-pyrites and galena. The vein itself appears to average about ten 
feet in width ; but, at present, it is to a great extent uncovered. The 
copper-pyrites and galena, although scattered more or less throughout the 
vein, run principally in a solid lode, of at least four feet in width. 
The course of the vein is about N. 65° E.; and eo far as this can be 
determined in the present undeveloped state of the vein, the dip, or under- 
lie, is toward the southwest, at an angle of about 80°.” In one sample he 
found 8.10, and in another 11.62 per cent. of copper. One of these sam- 
ples also yielded 47-56 per cent. of lead. Professor Chapman’s discovery 
of gold and silver in this ore has been already referred to. During our 
stay at Fort William, a number of blocks of solid ore were brought from 
the location, some of which would weigh several hundred pounds. A sam- 
ple broken off one of them yielded, by Mr. Broome’s analysis, 88.85 per 
cent. of lead, and this, by cupellation, gave nearly one ounce of silver and 
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© ton of lead. Several other lead-bearing veins 
a this neighborhood. A quarts vein, about me 
vnsiderable quantity of galena, has been notieod 
s, page 690, as cutting the granitic gneiss of 


ay. 

tke Nipigon, Mr. De La Ronde reports a vein, 
good specimens of galens on the Poplar Lodge 
a its mouth. On the west side of the lake an 
nen of drusy white quartz, holding galena, which 
m 8 vein about four inches wide, running north 
iver, below Cedar Lake; three and a half days 
: Nipigon House. He also said that an ore, 
description to be copper-pyrites, was found at 
pecks of galena were met with in a loose frag- 
mestone at the first rapid on the Poshkokagan 


of native copper occurring among some of the 
pper Copper-bearing series, so far as they are 
| in the Geology of Canada, pages 71 and 75. 
re found cutting this series in the Thunder Bay 
en noticed in the preceding paragraph, also eon- 
ne of them require further description. A vein 
| Rock, but which I was unable to examine, is 
r ore. 

) Nipigon, Mr. McKellar reports that the diorites 
ake shore, on each side of Poplar Lodge, are 
aber of quarts veins, carrying copper-pyrites, 
* purple ore and copper-glance ; and he thinks 
y be discovered in this vicinity. Small quarts 
opper-pyrites, have been already mentioned as 
Jin Humboldt’s Bay. The Indians report two 
he other of a reddish color, as traversing a high 
but none of those of our party who visited the 


been discovered near the Hudson Bay Compa 
mouth of the Wabinosh River, but we did not 
. vein containing amethyst is reported to occur 
Wabinosh River, at & point lying one and a half 
rom Nipigon House, 

3 now been discovered in the native state ar ia 
n at least seven different localities in the Thun- 
in most cases belonging to the north and south 
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set. The silver-bearing vein of Prince’s location is described at page 76 stiver ore. 
of the Geology of Canada. 

Last summer Mr. Macfarlane, agent of the Montreal Mining Company, 
obtained a quantity of silver ore from a vein on the Jarvis location. The 
same gentleman has fully described the silver-bearing vein of Wood’s lo- Host 
cation in the Canadian Naturalist, 1868-70. The portion of the vein at 
present worked is upon Silver Islet, about one mile from the main shore 
of Thunder Cape. “ It has a width of about twenty feet on the north side 
of the island, and to the southward divides into two branches, each seven 
or eight feet wide. The course of the vein is N. 32° to 85° W., and it 
dips to the eastward at an angle of about 8°.” ‘The ore is a mixture of 
native silver and silver-glance in a gangue consisting mainly of calc-spar 
and quarts, but holding also small quantities of galena, blende, iron and 
copper pyrites, graphite, cobalt-bloom, nickel-green, and a mineral con- 
taining arsenic, nickel and silver, which Mr. Macfarlane thinks may be 
a new species. The thickness of the rich part of the vein varies from a 
few inches to two feet, and it keeps to the east or hanging side of the 
vein.” Up to the month of April of the present year, the value of the sil- 
ver taken from the crop of the lode on the islet, or rather in the shallow 
water beside it, since its discovery in the summer of 1868, is supposed to 
amount to about $25,000. 

The lode at the Thunder Bay silver-mine, which has been referred to Thunder Bay 
on page 826, consists of a network of small quartz veins, occupying a. 
breadth of six or seven feet, and runs N. 34° E., with a slight underlie to 
the north-westward. Two shafts have been sunk upon it, each to the depth 
of about seventy feet. Between them, part of the lode consists of a vein 
stone of white granular quartz, about one foot thick, and in this most of the 
silver has hitherto been found. It occurs principally in the form of irregu- 
lar branching filaments of the native metal, disseminated in the quarts in 
isolated bunches, in which the silver often forms more than ten per cent 
of the mass. One of these bunches, which was removed during our visit 
to the mine, weighed upwards of one hundred pounds. Silver-glance is 
also present in small quantities ; the largest piece of this mineral which 
I saw would weigh about two ounces. The silver appeared to be most 
abundant in the upper fifteen feet, where the wall-rock, as mentioned on 
page 826, differs from that farther down. In the lower part of the mine 
silver-glance only has been found. 

. The workings at the Shuniah mine, two miles west of the last, being full 
of water, could not be examined ; but from the description of Professor 
Chapman, it appears that the conditions here are similar to those at the 
Thunder Bay mine, except that the vein runs nearly east and west. 

At the Silver Lake location, about four miles north of the head of 
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‘thunder Bay, the silver occurs 2s small grains, in the native state, with 
ark colored blende, in a vein of quartz. Another locality of silver is on 
{cKellar’s Island, one of the small rocky group south-east of Pie Island. 
[ere the metal occurs with blende, as in the last locality, but the veinstone 
; mostly coarse calc-spar. 

Gold.—The existence of gold, in a vein on Prince’s location, is men- 
ined in the Geology of Canada, pages 76, 517 and 745, and some facts 
1 regard to its occurrence in a vein on the Lead Hill’s location are given 
n page 357, of the present report. 

Mangancse.—Many of the boulders and pebbles uncovered, in making 
1e Red River Road, about half way from Thunder Bay to the Kaminiti- 
aia, are coated with black oxide of manganese. 

Salt.—The brine-spring at the head of the first rapid on the north 
ranch of the upper section of the Black Sturgeon, is described on page 335, 
nd another has been mentioned as occurring half a mile below the first 
xpid on the Poshkokagan. My Indian guide informed me that a third 
‘as to be found near a small clear-water brook on the west side of Gull 
tay, about a mile north of the mouth of the Kobitotiquia River. A hand- 
1l of salt was obtained by boiling down about two quarts of the water of 
2e first mentioned spring, but having afterwards become accidentally wet, 
te greater part of it was dissolved away, so that any analysis of what 
smained would be of no value. 

Limestone.— Rock fit for burning into lime can probably be obtained 
mong the beds of division 8, page 319, near the eastern line of Wood’s 
cation, as well as from the calcareous strata on the east side of Nipigon 
larbor ; and perhaps also among the dolomite bands of the lower group, 
hich have been described as occurring at the head of Thunder Bay, near 
1e Thunder Bay silver-mines, and in the southern part of the township of 
{cIntyre. The calcareous spar of someof the larger veins on the coast 
nd islands between Pigeon River and Fort William may also prove valu- 
ble for the same purpose. 

The specimens of the limestone from the north-east shore of the Chiefs 
‘ay, Lake Nipigon, which have been analysed by Mr. Broome, contain 
8.5 per cent of insoluble silicious clay, which is probably in so large a 
roportion as to prevent the rock, when calcined, from forming, by itself, 
good cement. The soluble part is a magnesian carbonate of lime, of which 
ne quarter is carbonate of magnesia. In a specimen from the similar 
>cks at Cook's Point, the insoluble clayey portion equalled only 29.6 per 
ant., and, as in the other case, one fourth of the soluble part consisted 
f carbonate of magnesia. 

Brick Clay.—The stiff red clay which is so largely developed in the 
alley of the second reach of the Kaminitiquia River would probably make 
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very good common bricks. Itis free from lime, but holds mu 
is therefore fusible. The lighter colored stratified clay of the 
is also apparently suited for the same purpose, as well as the 

which have been described as occurring in the valleys of most 0 
entering Lake Nipigon. 

Building Stone.—Among the stones most suitable for buildir 
met with in the region explored, may be mentioned the sandston: 
in the peninsula between Thunder and Black Bays, along the 
of the Black Sturgeon River, east and south of Black Sturge 
Lake Nipigon, at Nipigon House, and on the southern F 
Ombabika ; the limestone of Chief’s Bay and Cook’s Point; t 
porphyry to be found along the shore from Nipigon House to E 
and some varieties of the common dark trap, in various parts ol 

Roofing Tiles.—The hard dark colored shales of the low: 
the Kaminitiquia are supposed by some to be fit for roofin 
but owing to their want of strength, and their imperfect cleava, 
but poorly adapted to such a use. On the east shore of Lal 
about three miles north of the Poplar Lodge River, Mr. McKel 
a band of dark colored slate with very perfect vertical cleavag 
thinks might answer for a roofing material. 


RAILWAY ROUTE AND COLONIZATION. 


In the special report on the practicability of a railway through 
country, which I had the honor of addressiug to you on 
February last, a general description was given of the route wl 
covered, and its advantages. Our map of the district havin; 
piled since that time, I am now enabled to indicate this route 
crosses the Nipigon at the outlet of Lake Helen, where the rive 
and the banks, consisting of boulder-drift, are from thirty t 
high. From this intersection it follows down the western side 
Harbor to a point about three and one-half miles south of 
where it turns westward through the level pass leading to Blac! 
River. This river would be crossed at some point below Eshq' 
Lake. Continuing north-westward, the route could pass eit 
-west of Pike and Cyclas Lakes, or between them. Further o 
cross the Poshkokagan and the Kabitotiquia not far from Chie 
a very moderate elevation above Lake Nipigon. Between tho la 
and the valley ofthe Gull River the country is level. The ge 
in the above distance—about 100 miles—is very slight; Lal 
according to the observations which I have given in a previous 
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y only a little more than 800 feet above Lake Superior ; while 
ove route there appear to be no difficult loeal grades. Besides 
: be crossed, the only obstruction which I observed is a small 
on the west side of Nipigon Harbor, just before turning west 
Black Sturgeon River. This consists of a cliff of red marl, 
ap, rising from the margin of the lake. The water at its base 
ww, some of the stones rising above the surface, and sufficient 
‘form an embankment could be easily dislodged from the 
onar trap above. The whole length is only from fifty to one 
is. 
e route for a railway may possibly be found by following up the 
‘the Nipigon River, and the valley of Portage Brook, and 
ng to the Biack Sturgeon River in the neighborhood of Esh- 
Lake. 
mediate purpose of colonizing the shores of Lake Nipigon a 
might be constructed from Camp Alexander on the Nipigon 
1 to South Bay on the lake, the distance being not much over 

From this point, vessels on the lake would have access to 
80 miles of coast-line, exclusive of the islands, many of which 
tave the honor to be, 

Sir, 
Your very obedient servant, 
ROBERT BELL. 

May 28rd, 1870. 


REPORT 


ON THE 


COALS AND IRON ORES 


PICTOU COUNTY, NOVA SCOTIA, 


BEING AN APPENDIX 


REPORTS ON THE PICTOU COAL FIELD, 


ar 


MR. EDWARD HARTLEY, F.G.S., 
MINING ENGINEER TO THE GEOLOGICAL SURVEY. 


The following Report will furnish information concerning the economic 
value of the coals of Pictou County, Nova Scotia, together with a notice 
of some localities of iron ore likely to become of interest from their prox- 
imity to the Pictou coal-field ; these deposits of iron ore having received 
examination during my field-work of the years 1868-69. It will be divi- 
ded into three sections :—(I) Descriptions and analyses of Pictou coals ; 
(IE) Reports of practical trials of Pictou coals as steam and gas-produ- 
cers, and for other purposes of the mechanic arts ;—(III) Iron ores and 
their occurrence in Pictou County. 


L 
DESCRIPTIONS AND ANALYSES OF PICTOU COALS. 


A number of published papers and reports contain analyses of coals 
rom the Pictou region ; but with few exceptions, these publications are out 
of print, or otherwise inaccessible to the general public. _In this section it 
is proposed to bring these scattered analyses together, supplementing them 
by aseries made by myself during the spring of 1869, in the laboratory of 
Dr. T. Sterry Hunt, F.R.S., chemist to the Survey, and a few more careful 
determinations made still later, in Dr. Hunt’s laboratory, by his assistant, 
Mr. Gordon Broome, F.G.S., Associate of the Royal School of Mines. 

AA 
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Classification of Analyses of coal may be divided into three classes ; (a) practical 


analyses in the large way, or the determination of the proximate constitu- 
ents of the coal, that is, the moisture, volatile matters, coke and ash, by 
burning a large quantity ; (b) proximate analyses in the laboratory, or the 
result of the drying, coking, and incineration of a few grains in a small 
crucible ; and (c), ultimate analyses, being the careful determination of 
the ultimate elements of a coal or other fuel, such as carbon, hydrogen, 
oxygen and nitrogen ; the class (c) being, of course, the most satisfactory 
for calculations of the theoretical value of a coal. 

Of the analyses now given, by far the greater number belong to the 
second class, (b) in which may be included all those made in the Survey 
laboratory, as the great expense and amount of time necessary for their 
completion has rendered both practical and ultimate analyses out of 
the question. Although far from satisfactory as accurate measures of the 
true value of coals, the crudest analyses enable us to form some idea of 
their character, and, in the absence of practical trials, furnish us with 
elements on which to base an approximate opinion as to what practical 
service ‘they are best fitted to perform. 

The method of analysis pursued in the examination of the samples of 
coal obtained in the Pictou coal-field by myself, was somewhat as follows : 
Drying in a water-bath at a temperature of 212° Fahrenheit, to expel 
moisture ; heating to bright redness in a closed crucible to obtain the per 
centage of volatile combustible matter ; and finally incineration in an open 
crucible to obtain the amount of ash. In most cases two different samples 
of each coal were examined, one being coked by a sudden application of 8 
high heat, to obtain the largest possible amount of volatile matter or gas, 
irrespective of its character, the quantity of coke being thus reduced to s 
minimum ; while in treating the second, the heat was applied with the 
greatest care, and raised very gradually, by which treatment the gases 
obtained are more highly carburetted, and in smaller quantity than when 
the heat is suddenly applied. In a few cases, determinations of sulphur 
have been made, but from this impurity the greater part of the coals now 
worked in the Pictou region are quite free. The general very light colour 
of tneir ashes attests their freedom, when properly selected, from sulphur in 
combination with iron, as pyrites, and among the coals examined, the ashes 
of but few contain an appreciable amount of sulphate of lime, being gener- 
ally very silicious or sandy in the best coals, and therefore not inclined to 
form a clinker adherent to the grate-bars. No full analysis of the ashes 
of any of these coals has yet been made, so far as I am aware. 

The calculations of the theoretical evaporative power of the different coals 
analyzed, are based upon the fact, that in burning bituminous coals of the 
class under consideration, in an ordinary furnace, such as has always been 
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used for comparing their results in steam production with those of anthra- 

cites and other fuels, the combustion of the volatile matters of the coal does 

not, in most instances, produce more than enough heat to effect their vola- 
tilization, and therefore theoretically, the value of the coals for steam pur- 

poses, depends on their content of fixed carbon, or the carbon remaining 

in their coke when the coal is heated in close vessels.* 

The calculation may be made as follows :—Let the weight of coke, less Method of cal- 

ash, in parts of one unit of coal—that is, the percentage of fixed carbon—be 
expressed by C ; the co-efficient of the heating power of carbon by c, and . 

the co-efficient of the latent heat of steam at 212° F., by 7,—then :— 

C xe 


a 


= being the theoretical evaporative power of the coal, or the number of 
pounds of water which one pound of coal should evaporate from a tempera- 
ture of 212° Fahrenheit, theoretically. 

The values given to the co-efficients used, vary with different authors. To values of co- 
e—expressing the number of units of water which the combustion of one unit sente 
of pure carbon will raise 1° Fahrenheit—Regnault gives the value of 
13,268, while by Dulongf it is given as 12,906. 

To the co-efficient 7, Regnault gives the value 965.7° ; while the experi- 
ments of Professor W. R. Johnson indicate for it a value as high as 
1030°.f 

In my own calculations the values of Regnault have been used, although 
later experiments have shown a further modification, § inasmuch as these 
values have been used in the Reports of the British Commissioners on the ofcial reports: 
Naval Steam-Coal Enquiry, with whose results a comparison will be most moa 
valuable, although in the American reports, (published before Regnault’s 





*Practical experiments have already shown that North Country (or Newcastle) coals, 
burnt in proper furnaces calculated to prevent smoke, give a practical evaporative 
effect higher than the theoretical power based on this supposition, and I hope to be able 
at some future time to show a similar result with our coals; but us with an ordinary fur- 
nace, the method of calculation to be given approaches correctness, and more especially 
as I wish to compare the theoretical values of these coals with results obtained from 
experiments conducted some years since, I still, for the time, adhere to the old rule. 

tVide Comptes Rendus, tom. 7, page 871, et seq. 

tW. R. Jobnson’s Report on American Coals, 1844, p. 22. 

§The late researches of Favre and Silbermann (vide; Ann. Ch. Phys. (3) ZXXIV, 357— 
xxXv. 15—xxxvii. 405.), and of Andrews (Phil. Mag. (3) xxxii. 321, 425), have slightly 
modified Regnault’s values. For a full digest of their results, see the admirable article 
on Fusts, by Prof. B. H. Paul, in Watt's Chemical Dictionary, 1864, vol. IL. p. 718, et seq. 

‘Reports of Sir Henry T. De la Becbe and Dr. Lyon Playfair to the Lords Commissicz- 
ers of the Admiralty, on trials of coals; 1848 and 1852. See also Johnson’s Coa] Trace 
of British America, 1850, p. 78 
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exhaustive memoir* appeared,) the values of Dulong for c, and Johnson 
for 1, have been adopted. 

Yale of theore- The results obtained by these different values do not differ as greatly 
from each other as they will be found to differ from actual resulta, and they 
are useful only in the absence of reliable practical trials. In coals of this 
class, 1.e. bituminous coals with 25% to 35% of volatile matter, these 
theoretical indices are generally slightly higher than figures obtained from 
furnaces of low-pressure boilers where no special arrangements are made 
for ‘‘smoke-consumption’’—8s it is called, or more properly, smoke-preven- 
tion, for smoke once formed cannot be consumed. 

Values from In cases where ultimate analyses are to be obtained, the theoretical value 

yses. of all the combustible matter in a coal may be obtained by the following 
formula :— 





(S x er) H—hA x 62470 
965.7 ~ 965.7 — )7 


in which C represents the entire carbon content, both fixed and volatile, 
H the quantity of hydrogen in a unit of fuel, and A the quantity of hydro- 
gen which will correspond to the oxygen in the coal; z expressing, as 
before, the number of pounds of water theoretically convertible into stean, 
from 212°, by one pound of coal, provided all the combustible constituents 
of the coal could be rendered available ; or, in a word, the highest possible 
evaporative power of the fuel under any circumstances. 

Expression of = ‘The values of x, as used in the two preceding formule, or an evapora- 

force. tive value given by practical trial, may be converted into an expression of 
mechanical force by the formula :— 


(Wn) x 965.7 x T82=y, 





in which W represents water, of which n pounds are evaporated by one 
pound of coal, (thus giving Wn the value of z in the preceding formulæ), 
and y representing the number of foot-pounds of work theoretically possible.f 





*Reauautt. Relations des experiences entreprises * * * pour determiner les princi- 
pales lois et les données numériques qui entrent dans le calcul des machines à vapeur. Paris, 
1847. See also a translation of the portion on the latent heat of steam at different pres- 
sures, in the Works of the Oavendish Society, vol, I. 

t This formula is deduced from the fact that n pounds of water, multiplied by 965.7°, or the 
co-efficient of the latent heat ot steam at 212° F., indicates the number of pounds of water 
which would be raised 1° Fahrenheit by the combustion of one pound of coal. The 
number 782 arises from experiments on the mechanical force denoted by the elevation of 
temperature of a pound of water 1° F., that force being equal to 782 lbs. raised one foot 
high, according to the careful experiments of Mr. Joule on the friction of oil, water and 
mercury.—-(Extract from Report of British Commissioners, from which the formula is 
taken.) 


LR. jf 
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It should be distinctly understood that no calculations base: 
analyses can take the place of trials of the coals in the large 
and gas-producers, for smelting, heating iron, or for any otl 
use ; for though, as a rule, these theoretical values furnish us 
ral idea of the use to which a coal is best fitted, it is of no 
occurrence that theory and practice differ greatly. For furl 
tion on practical values of fuel, I would refer the reader t 
of Prof. W. R. Johnson, and to the second section of this Rep 





COALS OF THE WEST SIDE OF THE EAST RI 
COALS FROM THE MAIN SEAM, ALBION MINES. 


No favourable opportunity offered during my stay in this d 
examination of samples of the coal of the Main seam, which 1 
me to satisfactorily separate the peculiar varieties of the differ 
I therefore reproduce the careful section prepared by Dr. D: 
well illustrates the character of all the different descriptions ¢ 
seam." 

This section was prepared from an examinationof a column 
the Main seam, extracted for the New York Industrial Exhib 
by Mr. Henry Poole, then manager of the Albion mines. 


SECTION OF MAIN SEAM, BY DR. J. W. DAWSON. 


1. Roof shale ; vegetable fragments and attached Spirorbis (in specime 
. Coal, with sbaly bands “ 
| Coal, Inminated ; layers of mineral charcoal and bright coal; bai 
ironstone balls in bottom . 
4 Coal, fine cubical and laminated ; much mineral charcoal... 
§ | Carbonaceous shale and ironstone, with layers of coarte 
3 (hoting atone), remains of large fishes and coprolites. 
pl 
o 











e 
Worked in 


bed varies much in thickness 
6. Coal laminated and enbical ; coarse towards bottom 
 Tropatone and carbonaceous shale in the coaly layers, and trun 
Lepidodendron, Ulodendron, Sigillaria, ete, all rote. 

8. Coal, laminated as in No. 6; line of ironstone ballsin bottom. 

9. Coal, laminated and cubical ; a few small ironstone balls; many v1 

lar bundles of ferns in this and underlying coal. 
10. Ironstone and pyrites... 














13, Coad, laminated, with a fossil trunk in pyrit 
14. Coal, laminated and cubical, with layers of shale passing downy 
into black slickensided anderclay, with coaly bands .... 





+ Acadian Geology, second edition, pp. 331-32. 


nal of Main 
ARS. 


Specific gravity. 
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Ft In 

15. Caderciay, to bottom of specinmen. ............ ee eee cece ene ewes a 10 
Titans cece cc ce cn ccc wenaccccae 4) 5 

Vertical thick aeag.. ce cece cee cee ewe cee ece wee nee cower eee cone 33 6 


The general character of the ecal from tre Main seams that of a highly 
hizaminons eaking coal, generally of a laminated structure, and shown; 
much mineral chareoal on the planes of deposinion. Alchouzh much mpv- 
rity exista in the form of shale, rronstone. and arenaceous material carry- 
mz pyrites, these may be easiy separated from the good coal im taking out 
the different floors of the seam. The coal raised is also carefully exammed 
at the shutes, any refuse or shale being thrown aside before the coal is put 
mts railway cars for shipment. 

The specific gravity of this coal is stated by Dr. Dawson to be from 
‘¢ 1.253 (which is that of the best coal extracted,) to 1.447 (which is that of 
the coarsest coal that has been worked).”"* 

The mean specific gravity of six samples, taken from the top, middle and 
bottom of the seam, in the central part of the mines, is stated, on the same 
authority, as 1.325, which agrees exactly with the result of some trals 
made for the American Government, by Prof. W. R. Johnson, whose 
researches will receive attention in the second section of this Appendix. 

The following, being an abstract of the statements of Dr. J. W. Dawson 
in his Acadian Geology, is extracted from Prof. How’s late work on the 
Mineralogy of Nova Scotia, published by authority of the Provincial Gov- 


- ernment :—- 


‘“ Numerous analyses were made by Dr. Dawson in 1854, shewing the 
character of the Albion Mines coal from different parts of the upper floor 
of the mine, and also the varieties existing throughout the whole thicknes: 
of their Main seam, in a series of assays of coals taken at distances of one 
foot in thickness. The general results were that the best coal was founi 
on the N. W. side of the old workings, deterioration taking place at either 
extremity of the workings of the upper floor. In all parts of the mine the 
lower coal was inferior to that of the middle of the seam, and still more s 
to that of the upper part (above the “ holing stone’’), or ‘* fall coal”” of the 
miners. On the west, this fall coal disappeared, or was reduced to insigni- 
ficant thickness. The assays made to show the variations in thickness of 
the whole seam were on coal taken at this western part. This valuable : 
series of assays of the coal of this seam, so familiar to the world, is here 
given. 


* Acadian Geology, p 333. 
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«6 Assays of Samples taken at the distance of one foot in th 
Main Seam of coal of the Albion Mines, Pictou, by Dr 












Volatile by Fixe 

slow coking. carb: 

1. Coal . 19-9 63 
2. do . 241 63 
3. do 25-7 60 
4. do . 25-0 * 65 
5. do 25.1 64 
6. do 24-9 62 
7 do 22-0 68 
8. do . 229 66 
9. do... 23-9 61 
10. Carbonaceous 15-9 26 
11. Coal . 25:8 59 
12. do 25°4 62 
13. do 247 62 
23-9 él 

23-1 65 

24-9 62 

26-0 65 

26-1 63 

25-0 66 

22-7 63 

23-3 58 

22-5 60 

22-6 64 

22-4 57 

23-1 60: 

21-9 54: 

243 65 

22-4 65 

22-7 62 

23-1 67 

22-4 66 

21-5 50 





« The coal above the “ holing stone” is not found at the part 
these coals were taken, as before explained. At the N.W. si 
workings it is three feet thick, and has this composition :— 


Moisture (hygroscopic water). 
Volatile combustible matter. 












“In these assays we have a most instructive and interesting: 
ments, the most complete of the kind, so far as I know, ever 1 
bed of coal of considerable thickness. ‘ All the coals afford a f 


GEOLOGICAL SURVEY OF CANADA. 


ind their ashes are light-gray and powdery, with the exception of 
F the coarse coals, which are heavy and shaly. The worst defect 
coal ig its containing rather a large quantity of bulky ashes, which 
it to be less esteemed for domestic use than, on other grounds, it 
3. It is very free from sulphur, burns long, and with a great pro- 
of heat, and remains alight, when the fire is low, much longer than 
her coals.’ ”* 

e analyses, it will be seen, are of coals from the older workings of 
hed mines and Dalhousie pits. Of the coal obtained from the new 
vita, I have made the following analyses :— 







‘HARTLEY. 
By fast coking. By slow coking. 
ygroscopic water, + 18 1.80 
olatile combustible matter. 28.18 25,12 
ixed carbon... 62.94 65.70 
sh (light-gray) +. TIS 138 
100.00 100.00 
70.09 73.08 
8.62 lbs. 9.03 Ibs. 
alphur (in average of coal) 0.32 per cent. 


specimens analyzed were hand-samples from the bank at the Foord 
id believed to fairly represent the whole mass, which supposition is 
ed by the agreement of my assays with the following analysis by 
Low, of King’s College, Windsor, Nova Scotia, of a sample of one 
sent him by Mr. Hudson, Chief Manager of the General Mining 
tion. 

al from Foord pits, Main seam. An average of the large sample 
we :— 











How. 
Moisture . 1.48 
Volatile cor 24.28 
Fixedcarbon. 66.50 
Ash. 14 
100.00 
74.24 
0.55 

9.13 Ibs. 
Specific gravity, average of three specimens. 1.294 


follows that this is, for various reasons, a valuable coal. The volatile 
tible matter is such in amount and character as to promise well in 





ow, Mineralogy of Nova Scotis, p. 18~20. 
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gas-making. The coke is firm and abundant, and the high theoretical evapo- 
rative power, shewing the number of pounds of water which one pound of 
coal ought to evaporate from a temperature of 212°F., (rather above the 
practical average of 37 Welsh coals), places the coal very high as a steam- 
producer. The amount of sulphur is decidedly low, obviously an import- 
ant fact as regards domestic use, gas-making, and preservation of grate 
bars. The coal lights up readily in a parlour stove, cakes moderately, and 
gives a hot lasting fire ; the ash is nearly five per cent. less than in coal 
from the same seam examined by Prof. Johnson, in 1842--48, and one or 
two per cent. less than coal from the best parts of the seam, tested by Dr. 
Dawson, in 1854. This is an important feature, as the large quantity of 
light bulky ash was then considered the worst defect of the coal. The ash 
consists chiefly of sandy matters ; there is so little lime that there will be 
but little tendency to form clinkers. The specific gravity is high enough 
to show good storage character. One cubic foot broken for use should weigh 
about 524 Ibs., and one ton of 2,240 pounds should occupy, in the same 
state, about 42% cubic feet space in storage. 

“ From its hardness, and the appearance of the contents of the barrel after 
about 100 miles of railway carriage, I conclude that the coal would bear 
handling and land-carriage without making much small, or dust.””* 

These remarks and analyses comprehend all that can be theoretically said 
of the value of the Foord-pit coal. I may, however, state that the coke 
from this coal is of exceptionally good character, and though all the coals 
from this seam furnish good coke, that from the Foord-pit coal seems to 
take the first rank, from its coherent and yet very porous texture. It is 
very light, of a silvery-gray colour, and a metallic lustre. 


COALS FROM THE DEEP, OR CAGE-PIT SEAM, ALBION MINES. 


In general appearance, the coal of the Deep seam much resembles Deep-team coal. 
that of the Main. A section of the different beds of this seam was exam- 
ined by Dr. Dawson, in 1854, of which he publishes the following descrip- 
tion, with assays of the different beds.t 


SECTION OF DEEP SEAM, BY DR. J. W. DAWSON. Dawson's sec- 
tion of the 
sean, 


1. Gray argillaceous shale (roof). 

3. Tender laminated coal; much mineral charcoal. 
3. Laminated compact coal ; less mineral charcoal. 
4. Laminated compact coal ; less mineral charcoal. 
5. Carbonaceous ironstone, crusts of Cyprids. 


*Extract from letter of Prof. H. How, of King’s College, (late chemist to the British 
Admiralty Coal Enquiry), to James Hudson, Esq., G.M.A. 
fAcadian Geology, p. 335-336. 
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6. Laminated compact coal ; much mineral charcoal. 
7. Laminated coarse coal. 

8. Laminated compact coal. 

9. Laminated coarse coal. 

10. Laminated compact tender coal. 
11, Laminated compact coal. 

13, Laminated compact hard coal. 

14. Laminated compact hard coal; thick layer of mineral charcoal, 
15. Laminated compact coal. 

16. Laminated compact coal ; much mineral charcoal. 
17. Laminated compact coal ; much mineral charcoal, 
18. Shaly coal ; impressions of plants. 


e results of assays of the above samples of coals taken, at distances 
2 foot, in the Deep seam are given in the following table :— 


Dawsox. 


Volatile by Volatile by Carbon 
rapid coking. slow coking. fixed. 












LA 24.8 21.0 67.6 
3. ? Good coal.............., 225.2 25.2 673 
i 28.4 23.9 70.8 
3. Ironstone and coal.. + 26.8 27.5 18.5 
3 20.5 59.1 
LA 20.4 48.0 
3 224 10.3 
». Coarse coal 25.2 21.1 49.3 
La 248 20.4 68.9 
L 3 Good coal, {208 223 643 
LA 23.4 20.5 51.2 
i H Coarse coal......... hese 4330 HA He 
L (274 93.9 sel 
5. 29.0 22.9 1.5 
à: LGooë col... | 388 ze He 
" 24.6 19.9 63.8 
La 17.6 21.1 23.0 





Shale and coal.. 


e following analysis of a small sample of the coal now being worked 
> western face, has been made by Mr. Broome :— 


atile matter... 











esse 133 


sifle gravity...esececeeessecesesees sasceeeaees 
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The ash from this sample contained 75 per cent. of matter 
hydrochloric acid, which was chiefly aluminous silicate. Iro 
mated in the soluble portion, which, by the volumetric meth 
metallic iron equal to 2.762 per cent. of the ash. Supposing 
to exist in this coal as pyrites, this amount would correspond to 
cent. of sulphur in the coal. As experiment gave a larger pro: 
evident that some of the sulphur present exists as a sulphate, 
lime. The ash was gray, with a faint tinge of pink. This cc 
is usual with the coal of this seam. Coke, by rapid carbonizi 
by slow coking, a pulverulent mass was obtained. 

To this analysis may be added the results of Prof. How, fro: 
nation of a large sample; probably a better average of the: 
than the specimen examined by Mr. Broome :— 


“ Coal from Deep, or Cage-Pit Seam.—An average of 
sample sent, (one barrel), gave :— 









Volatile combustible matter. 


Coke ... 
Sulphur. 
Specific gravity (average of three specimens) 
Theoretical evaporative power. 


“ This is an excellent coal, especially for domestic and stear 
As compared with that of the Foord pit, it gives a larger quant 
and its theoretical evaporative power is decidedly higher, so t 
prove a valuable steam coal. It burns well in a siove, affordi 
enduring heat ; its ash not being much above that of the Foo 
it will also be found superior for domestic uses to the coal form 
at your mines. “he sulphur is not high, as compared with 1 
though it is rather above the average of that in Welsh steam c 

“ The ash is chiefly sand ; there is very little lime, so there 
much clinker formed. From the high specific gravity, one ct 
the coal should weigh about 53 lbs., when broken, and a ton of 
should be stored in about 42 cubic feet. 

“ The coal is harder and less easily broken than that from the F 





+ Extract from a letter from Prof. How to James Hudson, Bsq., G.M.A. 


Third and 
Purvis seams. 


McGregor seam. 


Analyses, 
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COALS OF THIRD AND PURVIS SEAMS, ACADIA MINES. 


These seams are now abandoned, and no analyses have been made of 
the coal from them, as no samples lately taken from the seam could 
be procured. 


COAL OF THE MC GREGOR SEAM, ACADIA MINES. 


The following extract is from the Report of Mr. Hoyt to the Acadia 
Coal Company, 1866 :— 

‘ It has been found that the thickness of this coal (the McGregor 
seam) increases as we progress westwardly, but diminishes as we work to 
the east.* The same remark will also apply to the quality of the coal. 
At present, only the upper divisions of the seam are worked. The kt 
tom coal, which is of a coarse nature, is unsaleable, but would be very 
suitable for iron-smeltingt ; and in case of the developement of the iron 
deposits on the East River of Pictou, a good market would be created for 
it. The slaty band, between the top benches, is a source of much incor- 
venience and expense in mining ; and with all the care exercised in picl- 
ing, this foreign matter will, to some extent, get mixed with the good coal, 
which is thereby injured in character for gas purposes. 

‘The quantity of ash produced by the two top benches present 
a marked contrast in the character of the coals, as will be seen by the fol- 
lowing analyses, which have been obtained from the former proprietor, Mr. 
J. D. B. Frazer :”’{ 


First bench. Second bench. 
Volatile matter...... ........soussessscsssess 22.50 23.30 
Fixed carbon........,..........sososvrssosoe 65.70 70.00 
Gray aBh....crcsccncccccncsccesrscccesesncees 11.80 6.70 
100.00 100.00 
Coke oc ccc cn cc rene cece rere cc cee ererennsesees 77.50 76.70 
Specific gravity......cccee sescsccccsccecs eee 1.334 1.301 
From these analyses the theoretical evaporative 
power would be... ccscccccrcccccsccccces 9.03 * 9.62 


This coal cokes well when the better portions of the seam are selected. 
A very large amount of iron pyrites exists in the slaty portions of the 
seam, which, if not most carefully removed, makes the coal worthless asa 
gas coal. Careful attention in hand-picking, will probably obviate this 
objection to the coal. 





. + See p. 96 of my Geological Report. 
¢t I have not analysed this coal from the bottom of the McGregor seam, but it appears 


. to contain too much sulphur and ash to be very suitable for iron smelting. 


t Name of analyst unknown to me. 
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The theoretical evaporative power resulting from the second analysis 
above given is large ; jt should render the coal a good steam coal, if the 
pyrites were removed. 


COAL AND OIL-COAL FROM THE STELLAR SEAM. 


On page 70 of the Geological Report, it is stated that the Stellar coal Btellar oll-coal 
seam of the Acadia mines has the following section :— 


Ft. In. 
Good coal....ccccecescees Cece cece cceccevenscecveeecece 1 4 Section. 
Stellar oil-coal...... cc ccccccccccccccesceres nono onu 1 10 
Bituminous shale.... cccscccvccccccccacscecnsescescvssessce 1 10 

5 0 


These three divisions of the seam are quite separate and distinct in Divisions of 
character. The substances from each were examined some time since by 
Prof. How, who first described the peculiar substance forming the middle 
bench, to which, from a likeness in some of its qualities to the so called 
oil-coals, torbanite and albertite, he has given the name of stellarite, 
from its throwizg off sparks or stars of fire when lighted. From the three 
benches Prof. How obtained the following results :— 


How. 











Analyses. 
Coal. Stellarite. Shale. 
Volatile matters.....cccccecesccccce ose 33.58 66.56 30.65 
Fixed carbon.....ssossese Croc ccccerscccetes 62.09 25.23 10.88 
ABD ceccccccccccccccctcccceccccsssccccceee 4.33 8.21 58.47 
100.00 100.00 100.00 
Moisture 6000600080 008089 O@Geat 000 9080000000 .23 
Specific gravity.....cccccccscccccscvccccene 1.103 


Coal. The coal appears to be merely an ordinary fat caking-coal, with coal bench. 
an unusually small percentage of ash for this region, but the bench being 
thin, the value of the seam depends principally on the two lower divisions, 
stellarite, and oil-shale. 
Stellarite. This peculiar substance was firat known and worked at these stonaritebench. 
mines by the former owner, the late Mr. J. D. B. Frazer, of Pictou. It 
appears to be an earthy bitumen, or, to quote Dr. Dawson, “ a fossil swamp- 
muck or mud,” ¢ which he has elsewheret shown, is the character of the 
earthy bitumens and highly bituminous shales of the coal formation gene- 
rally. 


* How, Mineralogy of Nova Scotia, p. 24. 
t Acadian Geology, p. 339. 


, 1 See Dawson, “ On the conditions ofaccumulation of coal.” Journal Geol. Soc. xxii. p. 95 
et seq, 
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ale or oil-shale. This is a rather heavy brownit- 
2 following analysis and remarks thereon, include both 
2 stellarite. 

sis taken from Mr. Hoyt’s Report to the Acadia Cal 
5. Analyses under the heading of No. 1 refer to ste- 
1e oil-shale :— 














WaLLace.® 
No. 1. No. 2. 
68.38 38.69 
22,36 8.26 
8.90 52.20 
+08 .25 
+33 +60 
100.00 100.00 | 
1.079 1.568 | 
674 lbs. 97 Ibs, 
126 gallons. 63 gallos. 
+844 +856 
errr . 31.25 60.46 





ie of stellarite, 28.48 per cent. 





1.069 1.612 
662 Ibs. 100 1 
123 gals. G03 gis 








844 +850 
QUANTITY OF OIL BY VARIOUS TRIALS. (per tee 
+ De W. Spurr, St. Jobn, New Branswick, (No. 2) 
de Diese reseresene sense sesenne : 14 ga 
Howarth, Boston, Mass, by steam process, crude oil. 65 “ | 


« Macdonald, Portland, Maine, (No. 2), crade oil. 50 « 


, the following results from these and other oil-coals ae 
ible is taken from How’s Mineralogy of Nova Scotia: 





Glasgow, Scotland. 
zrsonian University, Glasgow, Scotland. 
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Crude oil per ton. 







Union oil-coal of West Virginia affords... 32 gals. 
Elk River & « à “ “ 54 
Kanawba  & “ “ sao 
Leshmahagow cannel, Scotland“ 40 « 
Albertite, New Brunswick, 92 to 100 « 
Torbanite, Scotland, 116 to 125 « 
Stellarite, 53 « 

“No. 2 (shale) 50, 602, 63, 65, 74 « 


“ No. 1, . 123 to 126 « 
“ picked samples gave in Bosto 199 « 


In practical working at the Frazer mine the result was about 60 gallons 
of crude, and from 80 to 35 gallons of fine clarified oil to the ton. 

It will be noted that the three oil-coals, or bitumens, known as tor- 
banite, albertite, and stellarite, in the list just given, appear to afford the 
best results in oil-manufacture. It will, therefore, be of interest to com- 
pare full analyses of these three, forming a class by themselves, and again 
tocompare this class with other mineral combustibles from which they 
differ to a greater or less extent. This subject has been thoroughly inves- 
tigated by Prof. How, and the following tabulation of analysés, and con- 
clusions drawn therefrom, are taken from his late work. Although most 
appropriately introduced here, many of the facts will be found useful for 
comparison with coals of other seams, and the remarks on the theoretical 
value of fuels is also of general interest. 

“ Having, on account of my former connection with the British Admi- 
ralty Coal Enquiry, been one of those engaged to furnish chemical evi- 
dence in the famous first trial in Edinburgh of the question whether the 
mineral known as “ Boghead coal,” found at Torbane Hill, Linlithgow- 
shire, should properly be called a coal, I was naturally mach interested on 
the discovery of the stellar oil-coal, and got ultimate analyses made of it and 
of the “ Albert coal,” also the subject of a trial on the ground that it had 
been improperly called coal. These analyses were very kindly made for 
me through Prof. Anderson of Glasgow, who generously met my (deficiency 
in the necessary apparatus, which I had not brought out with me. The 
results were most interesting, especially when compared with thos¢ obtained 
from bituminous and cannel coals. As to the former, I selected ftom 
those I had made in the Admiralty Enquiry, analyses of English, Scotch, 
and Welsh bituminous coals, and as to the latter, analyses of English and 
Scotch cannels made by other chemists. The following table shews the 
differences which obtain between these minerals in proximate and ultimate 
analysis, and in specific gravity, and the ratio existing between the two 
most important constituent elements :— 


Dr. How's 
remarks on off 
coals. 
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Proximate analysis. | Ultimate analysis. af 
Moma. Locality. 2 sg|_é 2 = 
EEE 5 H ge 
PA|AS| 4 =) a 
326|15, 70181.04| 8. 6188.26] 4.66] 100: 4.89}. How 
‘Welsh bitum!- {<6 20/71.66) 3.24184.72| 5.76) NH os 
‘nous coals. 24. 60|7600| 1-60|98.79| 6.16512. 
vit - 48.40/63.08) 8.62/79.85| 6.28,1.: 
sant | HEC CEE a 13 
bita- 140.80)66.181 8 o7|e1.70} 6.17/1. 2 “ 
sagen, | /s2:20|47:80|10.00|7@.6a) 6-60 2 RTS | 
Eng. cannel. 's0.64167.68] 2. 70|80.07] 5.53) 00: 6.90\vanx 
‘Bootsh can- 6.03|78. 44| 7:62|.. 00: 10-48) aie 
hotel { 1540/66. 70| 6.80/1: 00: 11.90). Fre 
Torbanite. 21.18/66.00| 0.6810. 00: 18.00|H. Hor 
Albertite. erick. 00: 11.0) Slower 
|N. Glasgow, 
Stellarite. { Ron Beets... 00: 13.08) . 























‘Nitrogen and oxygen 11.76. 1 Salphur (ifany) and oxygen, 1.21, ¢N, 8, and axygen .68. 


“Tn the paper in question I pointed out that the true comparative value 
of combustible minerals, while partly indicated by the relative amounts of 
volatile matter and fixed carbon, is only truly shewn when account is taken 
of the oxygen ; which is sometimes large in quantity, as is seen above, and 
is reckoned as volatile matter, to the credit of the mineral, while its real 
effect is reduction of value. I showed that when the hydrogen equal w 
the oxygen present is deducted, taking only those cases where there is an 
apparent equality in the ratio of carbon to hydrogen, the last three mineral: 
in the table above, stand apart from the rest, thus :— 


Ratio of carbon to hydrogen after deducting hydrogen equal to oxygen present. 
Cannel coal from Wigan...... + 100 to 6.65 











“4 Leshmahagow. 100 to 8.71 
Capeldræ 100 to 10.05 

‘Torbanite from Scotland... 100 to 12.43 
Albertite “ New Brunswick: 100 to 10.85 
Stellarite “Nova Scotia. 100 to 12.43 


+ Allowing two per cent, for nitrogen. 


and that theoretically they should be excellent ‘ oil-coals,’ as is abundantl 
shewn by experience.”* 

Description ot The size of the stellar-coal bench in the oil-coal seam varies froa 
our or five inches in thickness to some two feet, and its content d 
oil varies also. As a rule, this seam appears to improve going eastward. 
as stated by Mr. Hoyt. The general appearance of the stellar coal is 
peculiar ; it is irregularly bedded, the different layers seemingly inter 
laced, giving it a sort of an entangled appearance, or a structure like 





+ How, Mineralogy of Nova Scotia, p. 25-26. 
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felt. Sometimes the layers are much curved, and have smooth surfaces 
like slickensides, which appear to have been produced by lateral move- 
ments, corresponding very nearly with the plane of the bed, rather than by 
vertical motion, the better portions generally possessing this peculiarity, 
whence the statement in many notices of this substance that the curly oil- 
coal is the best. The surfaces of these curved faces have a bright, resin- 
ous lustre, and a brownish-black colour, while a block sawn across shews a 
uniform dead-brown surface. It breaks with a splintery fracture, very 
irregularly, but approximately with the surfaces of deposition ; the streak 
has a brown colour and a dull resinous lustre. 

A large splinter of this mineral may be easily lighted with a match, and 
burns with a very bright, carbonaceous flame, throwing off sparks like 
stars, (whence the name), and leaving but a small amount of coke, from 
which, on burning off the fixed carbon, a grayish-white ash is obtained. 
Further remarks on the use of this mineral in gas-making, will be found in 
Section IT of this Report. 


COAL OF THE ACADIA SEAM, ACADIA COLLIERY. 


ACADIA STEAM COAL. The principal value of this coal, is (as its name 
indicates) as a steam-coal, though a portion of the seam at this colliery 
may be suitable for gas-making. As the character of the coal as a steam- 
producer will receive the fullest attention in the second section of this 
Report, it has been deemed unnecessary to make any analyses of it as 
yet, though when time permits I hope to obtain a full. series of analyses of 
the coals from different benches of the seam, by examination of a series of 
specimens presented by Mr. Hoyt. In the meantime I offer my practical 
locomotive and steamer-trials, with some other tests of considerable interest, 
in Section I, which I consider will give abundant evidence of the excel- 
lence of the Acadia steam-coal. 

Only one analysis of this coal has been made in the laboratory of this 
Survey, that of samples of the coal taken from the third bench, or the 
four feet immediately underlying the fireclay parting. (See page 97 of my 
Geological Report.) These specimens were selected for analysis, because I 
believe this bench to be better fitted for gas purposes than the rest of the 
seam, being apparently the softest coal afforded by the Acadia seam at 
this colliery. | 

The analysis has lately been made by Mr. Broome, with the following 
results :— 








100.00 100.00 


Acadia steam 
coal. 


Third bench. 


Analysis. 


Drammond 
coal. 


Description of 
seam worked. 


Roof-skale. 


Top coal. 
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Hygroscopic moisture. ... ...s..sssenssoseseseoneseosesses 3.100 
Volatile combustible matter................» ses.sonesosseee 32.274 
Fixed carbon..cccscsscc ccc ace cct seen serons cosensoues 57.570 
Sulphur... ..sceccescvcccsrcnsevevseeerseesnevscssenccees .506 
Ash, (pinkish white)... scccssccecscccssvevccccscccsvcens 7.550 

100.000 
Specific gravity... ...cccccccccesenccccccnecscccrccenvace 1.32 


The coke by rapid carbonization was firm, but by slow heating a pul- 
verulent mass was obtained. 

This analysis shows that a portion of the seam at the Acadia colliery will 
coke well, and that it contains sufficient volatile matter to make a gas 
coal. The greater part of the seam is a much harder coal than the specimen 
examined, and, when all the benches are mixed, does not coke satisfactorily 
in open heaps, and is therefore sold only as a free-burning or steam-coal. 
Were it desirable, however, I think the third bench could be easily seps- 
rated in the working of the seam. 

The coal of this seam is rather more compact in appearance than that 
from the Main at the Albion mines, and shows but little mineral charcoal 
on the deposition-planes. The cleat planes and cross fractures of the coal 
are usually very brilliant, and do not show the laminæ or deposition-planes 
very clearly. 


COAL OF THE ACADIA SEAM, DRUMMOND COLLIERY. 


From a careful examination of the different benches of coal in the work- 
ing, and subsequent examinations of a series of large samples of the coals 
presented by Mr. Dunn, manager of the Intercolonial Coal Company, I am 
enabled to present the following description of this fine seam of coal, 3 
worked at the Drummond Colliery. With my description of the benches, 
analyses will be given, forming what I believe to be the most careful and 
complete series of assays ever made of different benches of any seam of cor- 
siderable thickness. These analyses have lately been made in the Survey 
laboratory by Mr. Gordon Broome, F.G.S., chemical assistant to Dr. T. 
Sterry Hunt, chemist and mineralogist to this Survey. 


Description and analyses of the benches of the Acadia seam at th 
Drummond Colliery, Pictou County, Nova Scotia. 


Roof-shale ; black, highly carbonaceous shale, giving a dark brow 
streak, and containing Spirorbis and Cythere shells, with Antholites, Lepr 
dodendron, Lepidostrobus, not specifically determined, and Cordaites bore- 
sifolia. 

1. Top coal ; not taken out in the workings. This is left in as a support 
for the roof. Coal good, principal partings show mineral charcoal, and have 
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rather a dull lustre. On cleat surfaces the general lustre is br 
the laminze of deposition show plainly in lines of brilliant and d 
The joints are rather irregular, generally inclined about < 80° t 
deposition-planes, but the surface next to the lower parting, 
parting,) shows two regular sets of joints at right angles, givi 
a cubical appearance. 

Thickness of top-coal bench, 2 feet, 6 inches. 


ARAL 





18 NO, 1; TOP COAL. 


Volatile at 100 C., (moisture) 
Volatile at 220°C, 
Total volatile, 1. By slow coking 
“2. By fast coking. 
Coke, 1. By slow coking 
“3. By fast coking. 










Volatile matter. 


Specific gravity. 








2. Fall Coal; immediately above the fireclay parting, or 
being the first bench taken down. Coal good; surfaces of dep 
dead-black patches of mineral charcoal, with bright points, anc 
bright bituminous matter. Cleat surfaces brilliant, the joints 
two systems, giving this bench in some parts of the workings, a 
as it is technically called, dicey, structure. The surfaces of or 
joints show oblong or oval scars, as of shrinkage, while of the se 
the surfaces are quite regular and brilliant. 

Thickness of fall-coal bench, 8 feet, 3 inches. 


ANALYSIS NO. 2; FALL COAL. 


Volatile at 100° O., (moisture) 
Volatile at 220° ©. 
Total volatile, 1. slow 
«4, fast cokin 
Ooke, 1. slow coking 
“2. fast coking. 











Volatile matter. 
Fixed carbon. 
Ash (gray 
Balphur..... 





Specific gravity 
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First bench ; (below the holing.) Coal 
her of cleat and fracture, are brilliant, and 
little mineral charcoal. The joints are 

>, cutting the coal up into oblique prism 
1 and bright coal. 

tickness of first bench, 4 feet. 


fica ANALYSIS MO, 8; COAL OF FIRST 
ere 


Volatile at 100° O., (moisture) 
Volatile at 220° C.....5 
Total volatile, slow cokin, 
« «fast coking. 
Coke, slow coking. 
«fast coking. 





















Total volatile matter, 
Fixed carbon. 


Ash, (gray) 
Sulphur... 


Specific gravity...seesessssseseesceneceaeeees 


Second bench; (so marked in specimen 
ated and cubical ; in some parts of the se 
distinct. On the surfaces of the depos 
val charcoal, but all the other surfaces are 


AXALYSIS NO. 4; COAL OF SECOND 


Volatile at 100° C., (moisture). 
Volatile at 220° 0. 
Total volatile, slow 
“4 fast coking. 
Coke, slow coking. 
“fast coking.... 











Total volatile matters. 
Fixed carbon. 


Asb, (gray) 
Sulphur... 








Specific gravity...+sscssseseeesseeseeeeneeees 


Third bench ; the lower two feet of good 

forming the bottom of theseam. Coal goo 
so bright as the first and second benches 
sition-planes are a dull black, showing muc 





my Geological Report, p. 100, I have associated tt 
is now called the third bench. 
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planes show laminæ of deposition plainly, and in the joints, in m 
are seen scales of calc-spar. 


ANALYSIS NO. 5; OOAL OF THIRD BENCH. 


Volatile at 100°C., (moisture,). 
Volatile at 220°0........ 
Total volatile, slow coking. 
«4 fast coking. 
Coke, slow coking... 
«fast coking... 












Total volatile matters. 
Fixed carbon... 





Ash (gray) . 

Sulphur. a 
100.4 

Specific gravity ss... nn 13 


6. Coarse-coal bench, bottom of seam ; thickness about 2 feet, 
Coal coarse and shaly ; deposition-planes show uniform dead-blacl 
Coal breaks with irregular fractures in all directions, giving 
surfaces of a dull lustre and brownish black colour. Not worke 


ANALYSIS NO. 6; COAL OF THR COARSH-COAL BENCH. 


Volatile at 100°0., (moisture) 









Volatile at 220°C., und 
Total volatile, slow 2 

MW fast cokin, 31, 
Coke, slow coking 


fast coking. 69. 
Total volatile matters. 32, 
Fized carbon 37. 
Ash, (red) 31, 
Sulphur. und 

700. 
Specific gravity...cssesescescesseeseseeeeneeseerenees Peta 


The cokes of Nos. 1, 2, 8, 4, 5, obtained by the carbonizat 
coal in the small way, (in a crucible), were all strong and light 
by slow or rapid heating, though of course more compact with a 
bonization. When heated rapidly the coke swells greatly, an 
silvery-gray colour and metallic lustre. All these benches 
properly managed, furnish an excellent coke in the large way. 
single exception of the Foord-pit coal, no coal from this regior 
have examined has given as good a coke in the crucible. The 
No. 6, or coarse coal, is soft and brittle. 

The amount of ash in the different samples is lower than th 


. Drummond coal 
for gas-making. 


Theoretical eva- 
porative powcrs. 


Nova Scotia 
Co.’s Coal. 


Silliman’s 
analysis. 
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of Pictou coals, and the sulphur-content is, in samples I., II., IV., V., 
decidedly low. The coal of the second bench appears to give the greatest 
amount of sulphur, being somewhat over the average of the best Welsh 
coals, but in the coal of the whole seam, when mixed together, the amount 
of sulphur will be found to be exceptionally small. 

From the amount of volatile matter, as shown by these analyses, these 
coals, (2. e. the good coals of the seam,) should all belong to the class of 
gas-coals ; in the first bench, No. 3, the content of volatile matter is very 
large, and about equal to the average of Newcastle coals, when rapidly 
carbonized. A reference to the report of Mr. Thompson, of the Pictou 
gas-works, on this coal, (which is published in Section II of this Report,) 
will show that in this case the conclusions of theory agree with practical 
results. 

With regard to their use as steam-producers, theory gives the following 
indices of their evaporative powers :— 

I. Fixed carbon 60.35 per cent = 8.29 lbs. water to 1 of coal. 


II. «4 60.32 «4 = 8.29 lbs. ae 
III. « 55.39 “ = 7.61 lbs. “6 “ 
IV. “ 60.31 “ = 8.29 lbs “ “ 
V. “6 59-89 “ = 8.27 lbs. “ “ 


It will be seen that a remarkable uniformity exists between the coals of 
I., 11., IV., V., and that their theoretical evaporative powers are rather 
high for coals of this class, while III. falls rather below the average in 
fixed carbon. In this connection, however, I would draw attention to the 
fact that coals of this class are now burnt so as to give an evaporative 
power considerably above the theoretical index calculated from the fixed 
carbon of the coal alone. This subject has already been incidentallr 
referred to in the introduction to this Section,* and will also receive 
special attention in Section IT. 


COAL OF THE ACADIA SEAM FROM THE NOVA SCOTIA COLLIERY. 


A section of this seam, giving details of the character of the coals of the 
different benches, has been included in the Geological Report, ¢ and the 
following analyses of three specimens of the coal, by Prof. B. Silliman, d 
Yale College, New Haven, Connecticut, have been sent me by Mr. F. W. 
Northrop, Secretary of the Nova Scotia Coal Company :— 


SILLIMAN, 
. (1) Top. (2) Middle. (8) Bottom 
Volatile matters..... Ce cce seen eeessnees oo. 32.68 82.39 33.45 
Fixed carbon,....00 cccssevccccccvcccccccecs 62.08 62.40 61.41 
AShiccccccccccccsececcccccesesseteseavece 5.24 6,21 5.14 





dl 


100.00 100.00 100.00 





* See note on North Country coals, page 3. 
t Pages 103-104 of the Geological Report. 
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From these analyses the theoretical evaporative power of the different 
samples would be :— 


Of No. 1, 8.53 lbs. ;—of No. 2, 8.57 lbs. —of No. 3, 8.44 lbs. 


In the letter accompanying these analyses, Prof. Silliman makes the 
following statements :— 

‘€ The coke is firm and strong, while the ashes are light coloured, and so 
nearly free from oxide of iron as to warrant the belief that they will not 
give much clinker when the coal is used in a furnace. The amount of 
sulphur in the coal was not determined, as the quantity is too slight to 
render an experiment in the small way of any practical value.” 

It would appear from these analyses that there is a change in the char- Change in the 
acter of the coal of the Acadia Seam between the Acadia and Nova Scotia | 
collieries similar to that between the Acadia and Drummond collieries, and 
if the specimens analyzed by Prof. Silliman were fair representative sam- 
ples of the whole seam, this should be, theoretically, a good gas-coal. 


COAL OF THE MONTREAL AND PICTOU SEAM. 


MONTREAL AND PICTOU COLLIERY. 


The works of this company having been abandoned before my visit, and Montreal and 
the pit being full of water, during my stay in the region I was unable coe 
to procure samples of the seam or seams met with in the workings. The 
following note by Prof. How is, I believe, the only reliable information at 
present attainable concerning this coal :— 

‘€ Coal of the Montreal and Pictou Mines. I examined several sam- How's analyses 
ples of the coals raiged on the first opening of the seams ; the following is 
an abstract of my Report made to the company as respects the qualities of 
the coals. ; 





‘ Sample No. 1, from the first bench, gave :— First bench. 

Moisture ..... APTE nono tone soon eee eee re 4.40 
Volatile combustible matter........ssousssesosesssessesssseusee 24.95 
Fixed carbom.... cc cccccrccnencsccccccccccccc ec semestres. ee 61.07 
Ash... rr rn ree 9.58 

100.00 
07) "<a 70.65 
Theoretical evaporative pOWer.....ccecccccccccsercercvenssscces 8.39 


‘6 This coal has considerable evaporative and heating power, and would 
give a moderate amount of gas of good illuminating quality. The appear- 
ance of the coal is much in its favour ; some that I saw taken from the seam 
was very clean and bright. 

‘6 Sample No. 2, from the second bench, gave :— 
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Moisture se... 5AT 
Volatile combustible matte 19.93 
Fixed carbon. 68.55 
Anh 6.05 

100.00 
Coke... TPE 74.60 
Theoretical evaporative power. 9.4L 
Specific gravity .. 1.36 


“ This wag an extremely bright and clean coal. Its very high evapora- 
re power makes it occupy a good position among British and American 
als for steam purposes.””* 


COAL OF THE MONTREAL AND PICTOU OIL-COAL SEAM. 


On page 106 of the Geological Report, mention is made of a small seam 

own on the Montreal and Pictou area, which I am inclined to identify 
ith the Stellar seam of the Acadia mines. I have been unable to pro 
ire a good sample of the oil-coal from this seam, but a small specimen 
ken from the out-crop on the quarry road, much weathered and by no 
eans fairly representing the seam, has been analysed by Mr. Broome 
ith the following result :— 











Brooms. 

Volatile at 100° C., (moisture). 2.40 
Volatile at 200° to 250° C. 34.20 
Total volatile matter 47.35 
Fixed carbon... + 3405 
Asb, (very red and ferruginous) 18.60 
100.00 


This substance is, in external character, very much like the stellarite. 
presents the same dead-brown fracture, and shows glistening points of 
tuminous matter, which, on being ignited, melt and drop from the for- 
ps. The facility of its ignition and continuity of combustion of a small 
ece, when removed from the flame in which it has been lighted, is only 
jualled among the oil-coals of the region, by the stellarite, and these facts, 
gether with the results of Mr. Broome’s analysis, tend to confirm my 
entification of the seams. 


COAL OF THE CULTON SEAM; CULTON ADIT. 
Ihave been unable to obtain a specimen of the coal of this working. Its 


iaracter has been described to me by several who have burnt it, as that 
‘an exceptionally good, and very highly bituminous coal. 





+ How, Mineralogy Nova Scotia, p. 27-8. 
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COALS OF THE EAST SIDE OF THE EAST RIVER. 


COALS FROM MCBEAN’S EIGHT-FEET SEAM, MCBEAN’S SLOPE. 


First Bench. Upper twelve inches of the seam. 
The coal is a bituminous coal, with dead-black planes of deposition, show- PE ee 


ing little mineral charcoal. It is inclined to be a little shaly, but the cleat “*™ 


and cross-fracture surfaces are brilliant. The following analysis is the 
result of an examination of two specimens from quite near the out-crop :— 








HARTLEY." 
I II, 
Hygroscopic water.....cceescscccscccccccssccccens 1.57 2.67 
Volatile combustible matter. ..0-cssccsccccvccnscces 29.29 28.65 
Fixed carbon... .cccccccccccccsccccsnsccntssacacess 52.36 49.66 
Ash (white)... .ccccccccccescccccccscscesussccees 16.76 19.42 
100.00 100.00 
Coke 2. .cccccvccccnvvccccvcsvcssescecsesesessvece 69.14 65.08 


These samples analysed were taken by myself from the seam, and were 
apparently an average of the bench. The coal burns well, forming a very 
hot flaming fire, and the ash, though bulky, is perfectly white, free from 
iron, and would fall at once through grate bars. No sulphur was discov- 
ered by ordinary tests. The coke does not hold together well. 

Second bench, (about twelve inches below first bench.) 

In appearance this coal is similar to the last, except that there appears gesona bench. 
to be no mineral charcoal visible on the planes of deposition, and the lus- 
tre of the cleat planes is veny brilliant. The specimens analysed are from 
the slope about 40 feet from the crop, and show scales of calc-spar in the 
joints. Analysis I is from the top of the bench. Six inches below is a 
smooth parting, and analysis IT, is from coal just below the parting. 





HARTLEY. 
I. Top of Bench. II. Bottom. 
Hygroscopic water........sessessssssossosuee 2.67 1.94 
Volatile combustible matter........,....,.... 27.20 33.95 
Fixed carbon.....,...sosessoossesesrossiouse 54.86 57.17 
Ash (white)... .... sos Snroonesosooee 15.27 16.94 
100.00 100.00 
Coke. cccccerccccccsscccsccssecsecssecccee 70.13 74.11 


Bottom tench (lower six feet of seam). 
This coal shows but little tendency to break with the lamination, and 
no mineral charcoal is seen, even the deposition-planes being brilliant. 


Fracture conchoidal. 


It burns freely, giving a very hot fire ; the ash is 


very light, sandy and not inclined to clinker ; it would fall at once through 
the grate bars of a furnace. No sulphur was found by ordinary tests. 


beneh. 


Analyses. 


Analyses... 


Betton bench. 





390 GEOLOGICAL SURVEY OF CANADA. 


The samples analysed were taken about 50 feet from the crop. Th 
coke, if the coal is properly carbonized, is very fair. The following analr- 








ses of averages have been made :— 
HARTLEY. 
I. iI. 

hostyses. Hygroscopic water nsc. ansnnssonsnsse 2.22 3.00 
Volatile combustible matter.................0. 30.23 29.61 

Fixed carbon... 2... cccccccccccccccccccncecess 59.70 59.51 

Ash (white)... ccccceccnneccescccecnccccssces 7.85 7.88 

100.00 100.00 

Coke... 2 ccc ccccccccscccccucnvcccescccccces 67.55 67.39 


This coal should make an good gas-coal, as the percentage of vols 
tile matters is quite large in comparison with many of the coals of the di 
trict. I am not aware that any practical trial has ever been made of 
as a gas-producer. From its rapidity of combustion and freedom fron 
sulphur, it would also appear to be well fitted for ordinary steam purpose. 


COAL OF THE GEORGE MACKAY SEAM, MARSH COLLIERY. 


-George Mackay This coal is coarsely laminated ; the deposition-planes have a very du: 
“ lustre, and show a great many patches of mineral charcoal. The cles 
planes are inclined <83° to the bedding; the joints show many scales à 
calc-spar, which is not adherent to the coal, but crambles under the finger. 
Coslof Marsh The following analyses of two specimens from the Marsh pit, 240 fee: 
| deep, and striking the coal seam about 1,000 feet from the crop, sho 
this coal to be of very good quality, notwithstanding its rather coars 

appearance :— 





HARTLEY 
II. 

Analyses Hygroscopic water sense ones ssn essences none. none. 
Volatile combustible matter........ eee 29.72 29.98 

Fixed carbon... ...ccccccscccacvccsecccccecs 62.28 62.15 

Ash, (buff coloured)...........esoesovo use. 8.00 1.87 

100.00 100.00 

Coke... see reccccccsces eee ewevccees 70.28 70.02 


The percentage of ash is decidedly low. A trace of sulphur was fount 
but being, probably, under one-half of one per cent., was not estimated 
As the specimens examined do not coke particularly well, it would apper 
that this coal is best fitted for a steam-coal. 


COALS OF LAWSON’S SEAM; LAWSON’S SLOPE. 


Eawson'sscam. The specimens examined were taken from the slope sunk by Mr. J. f. 
Lawson, M.E., for the Montreal and New Glasgow Coal Company, on the 
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left bank of Potters’ Brook, near the Merigomish telegraph road. At this 
working, the seam, as measured by me, was divided into the following 
benches :— 





Cannel coal, (varies in thickness,) about. 
Mineral-charcosl benc 


oe 


Cannel-coal bench.—This coal appears to be a true cannel, being of 8 c 
homogeneous texture, and dead grayish-black colour. The fracture is 
conchoidal, lustrous, streak brownish-black. In some places this cannel 
becomes shaly, breaking roughly with the deposition-planes, which are a 
dull black and in many cases tinged dark red with iron rust from iron 
pyrites, which occurs in small lenticular masses ; cleat planes vertical to 
the bedding. One specimen shows a coprolite. A picked sample of this 
bench gave :— 







Hygroscopic water 
Volatile combustible matter 
Fixed carbon... 
Ash, (reddish or purple). 


100.00 

This specimen gave a very large quantity of very highly carburetted 
gas, but the coke is not of the best quality. 

Mineral-charcoal bench. Interlaminations of mineral charcoal and y 
bright bituminous coal form the material of this bench. The specimens * 
examined show small veins of calc-spar in the joints of the coal, which are 
in many cases inclined atan angle of only 45° with the bedding. This bench 
shows a great deal of iron pyrites, coating the patches of mineral charcoal 
with a bright film, and giving them the appearance of having been gilded. 
Not analysed. 

Good-coal bench. Colour of coal dull black, very compact and heavy, ¢ 
with occasional patches of mineral charcoal. It shows but little tendency ° 
to break with the planes of deposition, and has generally a sub-conchoidal 
and sometimes a ragged fracture. The specimen examined contains a 
great deal of sulphur, in the form of iron pyrites, which if present in the 
mass of the coal, would altogether unfit it for steam or domestic uses. It 
burns, however, with a very bright and hot fire, though the ash is very 
bulky, and sometimes chokes the fire if not properly cleaned. 

The following analysis of this coal is given in a report by Dr. J. W. 
Dawson, to the owners of the East Liver coal area :— 
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Volatile matter, (moisture included) 
Fixed carbon. 
Athens. 





The ash from this coal is generally red or reddish-gray. 

Coarse-coal bench. The coal of this bench is very coarse in texture, 
ving two sets of cleavage joints, very distinctly marked, which, with the 
anes of deposition divide it up into small cubical blocks, giving it the 
pearance known technically as dicey. The surfaces of the coal alog 
8 joints are generally rendered very dull in colour from the presence of 
e-clay from the underclay of the seam, which softens when exposed to the 
nosphere or percolating water, and is forced by the superincumbet 
essure up into the open joints of the coal, presenting the phenomena of 
sreep, on a very small scale, This coal, were it not for its tendency to 
amble (from its open texture), would be an especially good coal, as my 
jadged from its extreme lightness. The following analysis of a specima 
m this bench presents a most remarkable contrast in content of ash (a 
te of the fireclay in its joints) to the overlying bench :— 








Harrrr. 
Hygroscopic water... 1.82 
Volatile combustible mi 28.47 
Fixed carbon. 63.93 ° 
Ash, (buf-colou 5.78 
100.00 


A determination of ash in another sample, gave 6.07 per cent. 
COAL FROM THE “OLD FRAZER MINE.” * 


[ have not examined the coal from this seam, but on the authority 
+ Dawson, it is stated to be ‘a good coal of uniform quality.” ¢ It 
tinguishes the seam in his Report, asthe Foster seam, and gives t 
owing analysis of the coal:— 






Volatile matter, (including water) 
Fixed carbon... 
Ash, (reddish gray 





Report of Sir William E. Logan, p. 44. 
Report of Dr. J. W. Dawson to East River Coal Company. 
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. 
COAL OF THE RICHARDSON SEAM, (PIT AT THE CROWN POTTERY.) 


In appearance this coal is rather coarsely laminated, and its only tend- Bu 
ency to break is roughly with the deposition-planes. In colour it is jet- 
black, the only perfectly black coal examined, and in the specimens 
analysed, all the surfaces, whether of deposition-planes or fracture, were 
brilliant, showing no trace of dead-black mineral charcoal, a very unusual 
thing with coals of this district. It is the most highly bituminous true coal 
of the district (so far as I am aware,) and I should judge from the analysis 
that it would be an admirable gas coal, for which purpose it should be 
tested. It gives a very good coke, and the ash is very light, perfectly 
vhite, and silicious or sandy, and therefore will not be inclined to clinker. 
On the whole this seems to be a coal of remarkable purity, if fairly 
represented by the specimens I have seen. The pit not being open during 
my visit, samples were taken from a small heap of coal lying beside it, 
which however, had been for some time exposed to the weather. The fol- 
lowing is an analysis of an average of these samples :— 


HanTLEr. 


.16 Ar 
38.84 








Hygroscopic matte: 
Volatile combustible matter 


Fixed carbon 55.81 
Ash, (white)... 5.09 

100.00 
Coke...........,...... CECEEEETEETE ES CECECICEEEEEECEEEEE EEE) 60.90 


No sulphur was detected by ordinary tests. The content of ash, it 
Will be observed, is lower than in any other coal of the district of which an 
‘alysis is given in this Report, with a single exception. Should the 
Richardson seam be proven over any considerable area, it would seem 
Probable that, although quite small, it might be profitably worked with 
fir prices of coal, especially if taken out in connection with a valuable bed 
offireclay, which underlies it a few feet, and which has already been 
worked to a small extent for pottery and fire-brick manufacture, by the 
Crown Brick and Pottery Company of New Glasgow. 


UPPER OIL-COAL OR OIL-SHALE SEAM. 


The substance included in this seam varies very greatly in external Où 
haracter between the two extreme points where it is known, at Halibur- 
‘on’s pit on the Marsh Brook, and at Andrew Patrick’s old slope on 
McLellan’s Brook, a short distance below the Fulling-mill bridge. 


Andrew 
Patrick's ofl- 
‘coal. 


Qil-coal 
the Marsh 
Brook. 


Analysie, 


from 
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(QU-COAL FROM ANDREW PATRICK 


The oil-coal from this mine occurs both shaly 
cription appearing to be the most valuable. Thi 
texture much resembles the stellarite in appear 
and has a lighter brown colour. It weathers a 


lowing analysis has been made by Mr. Broome ot some large samples 


selected by Sir William E. Logan in 1868 :— 


Volatile below 200° Centigrade, water and some oil 
Volatile at 200° C., (oil) 


Total volatile matter 
Fixed carbon... 
Ash (grayish-brown) 








This oil-coal has been used in the manufacture of burning-oil, I believe, 


but I am not aware of the quantity of oil produced per ton. 


OIL-COAL OR SHALE, FROM THE MARSH BROOK. 


This substance appears to be an argillaceous shale, of a grayish 
black colour, giving a brownish streak ; the bedding is not well marked, 
except on surfaces of fracture, where the lamination can be traced by 
numerous small brilliant points; apparently bituminous, which are included 
between the laminæ. A thin section of this oil-shale under the microscæe 
presents the appearance of a dark brown or black ground, nearly opaqe, 
with numerous spots of yellow, which are translucent ; the black growd 
being the shale, and the yellow points the included hydrocarbonacems 
matter. The following analyses of this substance have been made, te 
first being of a specimen procured in 1868, by Sir William E. Logw, 


from the pit on the Marsh Brook known as Haliburton’s pit :— 





Hygroscopic water. 
Volatile combustible matter. 
Fixed carbon,.…......... 
Ash, (grayish-brown, shaly) 







Specific gravity.............. 
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Since the above analysis was made, I have procured other specime: 
from the same pit, one of which was analysed by Mr. Broome, with tt 
result :— 






















Brooms, 
Volatile at 100° O, (water and some oil 596 
Volatile at 200° 0. 11.260 
No. 1, Rapid coking. 
Total volatile matter. + 40.800 
Fixed carbon..... 400 
Ash, (grayish-brown) 59.000 
100.000 
No. 2, Slow coking. 
Total volatile matter. 35.540 
Fized carbon 5.260 
Ash. 59.200 
100.000 


The above results show that this shale is composed almost entirely 
volatile matter and ash, the amount of fixed carbon being dependent: 
the rapidity of carbonization, This shale has been tested for oil, but t 
results I have not heard. Theoretically, it should be a valuable oil-shal 


Wtan adopted 
for steam- 
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IX. 
PRACTICAL TRIALS OF PICTOU COALS. 


In the first portion of Section I, I have already drawn attention 
the great importance of practical trials of coals as steam and gas-pr- 
ducers, and for other purposes of the industrial arts ; and I have inciden- 
tally mentioned that several series of experimente on coals, with a view of 
ascertaining their evaporative value, had been carried out, so far as the 
coals of Great Britain and the United States were concerned, by th 
British and American governments, respectively. My attention was espe- 
cially called to this matter during my examination of the Pictou district, while 
endeavouring to collect materials for a report on the coals of that region: 
by the almost total ignorance prevailing, of what work the coals coul 
practically perform, or for what work they were best fitted. With one excep 
tion no figures could be obtained which would prove any of the coals w 
be valuable as steam-coals, that exception being the values furnished by 
a trial incidentally made (for comparison) by the American Government, 
during the series of trials of United States coals ;—of the Albion-mine 
coal shipped in 1843 or 1844, when the upper twelve feet of the Main seam 
was the only coal worked. Although fully satisfied, from observing tk 
success with which the coals were burnt, in the region, under stationary. 
locomotive, and marine boilers, that many of the coals were well fittel 
for steam-producers, I was, at the same time, aware that a report merely 
giving my own opinion, would not have the value that would attach to: 
report of systematic trials, of which the results could be stated à 
figures. Bemg aware that no experiments could be undertaken simils 
to those of the Admiralty and American navy trials, it became necessar 
to devise some plan by means of which the use of the necessary apparatu 
could be obtained without great expense. The proper method woul 
have been, of course, the use of the same boiler for all coals, which boile 
should be fitted with proper grates, flues, etc., for burning each coal a 
the most economical manner. As this would have entailed the erectia 
of such an apparatus at the public expense, it appeared out of the question, 
and the only plan seemed to be to make such trials on locomotives ani 
steamers as could be carried out with a small expenditure, through the 
liberality of the coal-owners, or other parties interested in knowing the 
true value of the coals. 

Having obtained the consent of Sir William E. Logan, then Director o 
this Survey, I broached the subject to the agents of the several colliene 
which were in active operation, about the middle of the month of October 
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last, and, through their kindness, several trials were at once arranged for. Coal trials. 
Through Mr. Jesse Hoyt, Manager of the Acadia Coal Company, I was 
permitted to make a trial of the Acadia steam-coal on the Provincial 

or Nova Scotia) Railway, by Mr. Lewis Carvell, General Superintendent 

of the railways of the provinces of Nova Scotia and New Brunswick, 

and many facilities were granted me by him, and all the other officials of 

the Railway Department.* At Mr. Carvell’s request, another trial was 

made, shortly after, on the same railway, with wood, for a comparison of 

the two fuels. 

Through Mr. Hoyt, and Mr. Hales, Manager of the Prince Edward 
Island Steam Navigation Company, a second trial of the Acadia coal 
was then made, on the steamer ‘ St. Lawrence,” of the P. E. L Navigation 
Company’s line. As before, [ was granted every facility by all the officers 
of the line, and especially by Mr. Hales. 

A third trial was that made with wood on the Provincial Railway, as Wood trial. 
above referred to. This was undertaken at Mr. Carvell’s request, in 
order to institute a comparison between wood and coal by practical 
experiment. By reference to that portion of this section headed ‘ Com- 
parison of Coal and Wood,’ it will be seen that the results were greatly 
in favour of coal. 

Coal from the Acadia West colliery had been used on the Windsor 
branch of this railway, for some months, but, so far as J am aware, no train 
had been run over the main line from Pictou to Halifax with a coal-burning 
engine previous to my experimental train—the fuel hitherto used having 
been wood, furnished the railway by contract. I believe that the final 
result of my comparative experiments will be the complete abandonment 
of wood as a fuel on this railway, (so soon as the engines can be fitted for 
burning coal,) with very considerable saving in expense and time.f 

The fourth trial was made on December 8rd., through the kindness of 
Mr. Dunn, Manager of the Intercolonial Coal Mining Company, on that 
Company's railway, with a Scotch coal-burning engine, and a loaded coal- 
train. In this experiment I was materially aided by Mr. William 
Crawford, C.E.,the Company’s Chief Engineer, who accompanied me on the 
engine, and noted the times of passing many points, by means of which a 
very complete record of the performance of the engine was obtained. 
A previous trial had been attempted on this railway, but it was stopped 
by stormy weather (rain and sleet), which prevented a proper adhesion 
of the driving-wheels to the rails. I ammuch indebted to Messrs. Dunn 
and Crawford for the facilities given me in these trials. 








= ——_—__ __ 


*I would especially acknowledge my obligations, for courtesies aad‘ information 
received, to Mr. Alex. MacNab, C. KE, Chief Engineer of the Nova Scotia Railway. 
f A detailed Réport on these experiments will be made to Mr. Carvell, during the 
present season, by permission of the Director of this Survey. 
CO 
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Trials post- A mamber of similar trials were planned for the middle of the month d 
December. Mr. Hudson, General Manager of the General Mining Ass 
ciation, placed the railway of that company, and a fine 26-ton English 
coal-burning engine at my disposal, for experiments on coals of the Man 
and Deep seams. Trips on the Associations steamer ‘‘ Dragon,” for 
a trial of Dalhousie-pit and Cage-pit coals, were arranged for, but continued 
stormy weather prevented these trials until rt became necessary for me 
to return to Montreal, when it was decided to postpone them until the 
coming season, during which it 1s intended to complete the investigations 

In all of these experiments the greatest care was taken to burn the coal: 
as economically as possible, and in notes of the performance of the 
engines and furnaces, the system of minute-blanks, first instituted, | 
believe by Messrs. Bunning and Richardson, in their experiments (at 
Devonport, and on the steamer«* Weurdale,””} on North Country coals, was 
adopted. As my experiments are not yet complete, it is not deemed 
advisable to publish these notes in full, at present, and therefore, in the 
present Report, only an abstract of the principal facts of interest obtained. 
is given, the detail being reserved for future reports, when the series à 
trials for this region shall be completed. 

To my own experiments on Acadia and Intercolonial coals, are addel 
an abstract of the experiments on Albion-Mines coal, by Prof. W. R 
Johnson, in 1843-1844, for the American Government ; and a variety df 
statements concerning the value of the different coals of this region for 
gas-making and other purposes, which negd not be here named in detail 


TRIAL No. 1, ACADIA STEAM COAL. 


Raitway trial of Date :—Nov. 8rd, 1869. On Nova Scotia Railway. 
ARR cow Trip:—From Pictou Landing to Richmond (Halifax). 
Distance :—112 miles. 


DETAILS OF EXPERIMENTAL TRAIN. 


Locomotive used :-—No. 7, N.S. Railway. 

Description.— Coal-burner altered from wood-burner. Built 1857, by Neilson é 
Co., Glasgow. Tender-engine, four driving- wheels, 5’ in diameter ; cylindet 
(2) 163" diameter x 21” stroke. Has a rocking grate, (six bars 2' 9” long x 
71%" wide,) hung with 4” clearance, making grate 3’ 8" wide, and giving abot 
10 square feet fire-surface. In each bar there are sixteen openings 44" x 17}, 
which, with openings between bars, and at sides and ends, give about 8! 

square feet air-passage in grate. Grate is rocked by movable bar. 
Fxperimental H'eight Train. Pound 
train. Engine.—The total weight of Engine No. 7, without tender is..... 66,1% 

(Of this 35,650 lbs. is effective weight on drivers.) 

Weight of tender, with water, without coal........... cssnosvese . 40,30 
1 supply platform-car, (coal); weight at start............ssece 35,3% 
5 box-ears, each carrying 100 barrels of flour... .........oscue. 181,80 
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6 coal (platform) cars, (loaded).........4...., ceseccesseessecs 205,090 
1 first-class passenger-car ...... race cece nce cen c steve cnsesetes 28,260 
Officers and passengers .......s.sesse.ese ecto cer een ccnacons 1,820 
Total weight of train at start ......................,. 558,910 
Or about. .....22 cece cece rece cent cocon 249 tons, 10 cwt. 


The length of this train, from front of leading-wheels of engine, (forward 
truck,) to rear wheel of last car, was 457 feet. 

This train started from Pictou Landing at 10h. 23m. A.M., and with Trip. 
lengthy stoppages to pass up-trains, at several stations, arrived at Rich- 
mond station at 9.17 P.M. 

The account of actual time and stoppages is as follows :— 


H. OM. 
Time of train on road..... ..,...... ess soeurs 10.54 
Length of stoppages.....cccsecn cece severest corse 4.44) 
Actual running time........ Lecce cece wane Lect eaee 6.094 


The character of the line run over, may be briefly described as being Line passed 
dificult for the first 39 miles, with up-grades as great as 67.58 feet to the °°” 
mile ; easy, from 39 miles to 52 miles; and with grades ranging from level 
to arise of 50 feet to the mile, for the rest of the distance. The resistance 
encountered on these grades was materially increased by numerous curves, 
between Pictou Landing and Riversdale (39 miles), the sharpest of which 
was 955 feet radius ; and also by several sharp curves on the line between 
Windsor Junction and Richmond, the sharpest of which has a radius of 
nly 792 feet. 

During the trip, the coal had several severe tests as a steam-producer, 
ts for instance between mile-posts 17 and 29, where the grades range from 
11.90 to 67.58 feet per mile. These grades were ascended at an average 
speed of 10 to 13 miles per hour, and on the steepest, (Summit grade,) 67 
ect per mile, with a curve of about 1000 feet radius, the engine kept up 
iteam well, losing only 4% Ibs. in 6 minutes, with both pumps on; * and 
naking 59 revolutions per minute at the top of the grade. 

The grate was shaken but three times ; at Glengarry (24 miles), Brook- 
leld (60 miles), and Elmsdale (83 miles). No inconvenience was felt 
rom ash, although the engine had a tight ash-pan, until Elmsdale was 
tached, when the throats of the dampers, forward and back, were found 
» be slightly choked with ash, and were cleaned, about 20 lbs. of ash being 
emoved. The smoke-box was also opened, and about a bushel of cinders 
ken therefrom, which had covered a few of the lower tubes. With an 





* Pumps of Engine No. 7, are two 2” plungers; 21” stroke. 
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ordinary train, it is probable that neither of these cleanings would be 
needed, but this experimental train was, I believe, the heaviest ever rm 
over the road. 


STATEMENT OF COAL BURNT. 


Coal consamed. The following is a statement of the amount of coal consumed on this 





trip :— 
Pounds, 
Weight of supply-car at Pictou Landing..... csv 85,380 
a 6 Richmond ...........srses cons « 29,530 
Coal put on tender............ soso 5,850 
Deduct coal left on tender .......,........s.s.soseee 214 





5,636 
Or in round numbers 2 tons, 10 cwt. = 50.3 lbs. per train-mile, or 3.87 lbs. 
per car-mile. 


Ashandclinke, The amount of ash and clinker from this coal was 552 Ibs., or about 8.3 
percent. The ash was gray, with a reddish tint, the clinker brittle, witha 
flesh tint, in some places inclining to reddish. No clinker was observed 
adherent to the bars, and no pieces of clinker of a size exceeding three or 
four pounds. 

Water evapo- The water evaporated was estimated by carefully gauging the tank of 
the tender at each water-station, and calculating the weight of the number 
of cubic feet passed into the boiler, as given by the gauge-marks. Although 
liable to errors, it is probable, from the number of gaugings, that these 
errors will nearly balance one another, and that the general totals will be 


correct. The following is the calculated weight of water evaporated 
between stations :— 


Pounds. 

Between Pictou Landing and Glengarry. 24 miles.... 10,542 
a Glengarry and Riversdale..... 15 “ .... 4,869 

‘« Riversdale and Pollybog...... 26 4  .... 6,873 

“ Pollybog and Windsor Junction 35 “ .... 10,291 

“ Junction and Richmond...... 12  .... 3,137 


Total, between Pictou and Richmond... 34,712 


Result, This is equal to 6.159 pounds of water evaporated, to one pound of mal 
burnt. The average temperature of the feed-water, for the trip, va 
about 40° Fahrenheit, and the evaporative power of the coal for water 
from this temperature being equal to 6.159 lbs., its evaporative pore! 
in pounds of water from 212° F., would equal 7.24 lbs., to one of coal.’ 


* This result is obtained without taking pressures of steam into consideration, which 


would involve a lengthy discussion of varying pressures at different points on the road. 
It is only an approximation. 
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This result, which I consider remarkably good, was obtained, not from 
a picked sample of the coal, but from a fair average sample of the product 
of the colliery. The supply-car was taken as an average of a train of 
ten platform-cars of coal raised at the colliery on November 2nd, the day 
before the trial ; the weight of coal on these cars being somewhat above 100 
tons. 


TRIAL NO. 3, ACADIA STEAM COAL. 


Date :—November 5th, 1869.—On Prince Edward Island Steam Navi- Steamer-trial : 
Acadia oval. 
gation Company’s steamer “ St. Lawrence.”’ 
Trip:—From Pictou Landing, Nova Scotia, to Charlottetown, Prince 
Edward Island. 
Distance :—About 59 miles. 


DETAILS OF STEAMER ‘‘ ST, LAWRENCE.” 


This vessel is a side-wheel coast steamer, of the American pattern, with Steamer “St 
saloon and promenade decks above the hull. Her tonnage, according to” 
her papers, is as follows :— 


Tons 
Tonnage under deck. ... ....00 coccccscce ces cnrs 382.61 
6 for propelling POWEF..... .sccecsccescescces 170.53 
“ houses, Over deck... .....cceseseavvcccceces 463.02 
Gross tonnage......... oesecees occ cece ct cecees oe. 845.63 
Her dimensions are :— , 
Feet. 
Length, total................... So cee sonnosvenenee 201.5 
Main breadth, (amidships)... ......cc.scsscecee Ceeceee 30.2 
Depth from deck.......ccececcceccccccsccnsceerecece 9.9 


Her engine is a vertical-cylinder beam-engine of the American pattern. 
The details of engine, boiler, etc., are as follows :— 


Engine.—Cylinder 44" by 11' stroke with Steven's cut-off; cutting off at 5j feet (half machinery. 
stroke). (250 Nominal H. P.) 

Boiler —Compound boiler, (return fines and tubes). Breadth across three fires 13’ 6"5 
length at furnace 8’ 6"; cylindrical shell, 15' 6” long, and 11' 6” in diameter. The 
details of the flues are:—Outside furnaces, three flues, respectively, 10,” 17", and 19" 
diameter; centre furnace, four 14" flues. Above these flues are 96 tubes, 17 feet long 
and 5“ diameter. 


Steam was up at the commencement of the trial, but before putting on 
any weighed coal the furnaces were cleaned of coal and ash, about 300 
Ibs. of fire being left for the start. At 11.30 A.M. 1200 lbs. of coal were 
put on to the fires, making in all 1500 Ibs. put on before starting. The 
start at full speed was made at 12 h. 35 m. P.M., and the engines were then 
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* run at regular speed during the entire trip to Charlottetown. The 


Behaviour of 
coal under mar- 
ine boilers. 


Coal consumed. 


Grate 


panying table shows all the detail of firing and performance of the 4 

and gives almost all the information of value obtained during the 

shows the regularity with which the engines were run, aud pres 
steam kept up with but little trouble on the part of the stoker. The 

that this table is given, is that in several published reports rela LE 
Provincial coals, it has been stated that in using these ¢ 
great amount of trouble is given to the fireman, through the coal ¢ 
ing and adhering to the bars, requiring perpetual raking and Slicing t 
up the fire in order to keep up a good draught. These statements a 
pletely refuted by the notes given in the table, which shows that dur 
three hours commencing with 1, 2, and 3 o’clock, while the stean 
running regularly, no breaking up of the fire was needed; that the fire 
three furnaces were raked only four times, and that so far 
draught being obstructed, the fire-doors were frequently open for 
ber of minutes each hour, to admit air above the fires. The table j 
regarded simply as a transcript of the notes ; and as no similar trial |. 
yet been made with which the results might be compared, any @ ..... 
discussion of these notes will be of no practical value. vee 


The weight of coal consumed upon this trial was as follows:— 4%. 















Left on fires at start, about.....,.........s...s.ccosses 300 YS 
Fires banked before starting, with.......ssscecsesceces 1,200 fl 
Actually consumed duriag trip...... es soso 6,441 

Total... someone ses 7,941 _ 











of which 1326 Ibs., or 16.69 per cent., was ash, clinker, and u 
coal ; the unburnt coal would probably equal about 100 Ibs. Nox 
clinker was observed of a size over four inches cube, and none adhered ‘'- 
grate bars. The bars in the furnaces of the “ St. Lawrence ?” had 
in use for eight months, at the time of my trial, during which. 
Acadia coal has been burnt, and they showed no sign of fire-marg |"” 
were every way in as good condition as when put in. I was infort 
Mr. Turner, Chief Engineer of the P. E. I. Steam Navigation Comm], 
that the bars in the ‘‘ Princess of Wales,” of the same line with the St 
rence, and also burning Acadia coal, had been in for some two seasonff 
running season being about eight months, ) aud that they were still ig..." 
condition. The importance of these facts will be appreciated § .::. 
engineers. | . 
The officers of the steamer St. Lawrence, are : — Master, E. His tne, 
Chief Engineer, Jas. Turner ; first assistant, Arch. Livingston ; tog bse: 
whom I am indebted for their courtesies during my experiment. 


_...! 


….….! 
. 


1e 
Peg 
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assisted by Mr. Thos. Lawther, of the Albion Mines, who took notes in the 
fire-room, of the firmg and weight of coal used. 

Beside the notes given in the table, minute-notes were taken, during 
several hours, of the smoke emitted from the funnel of the steamer, from Smoke. 
which the smoke-equivalent of the Acadia coal, as burnt in the furnaces of 
the St. Lawrence, appears to be about 120 ; showing that the coal is not 
burnt by any means as economically as is possible.* 

It was first my intention to include the notes of the smoke, or smoke- 
marks, in the table of firings, but as the notes were taken by a person 
with but little experience in this matter, I reserve them for a future report, 
if corroborated by subsequent experiments. 


TRIAL No. 8, WOOD. 


(FOR COMPARISON WITH ACADIA STEAM COAL.) 


Date :——Nov. 10th, 1869. On Nova Scotia Railway. Bailey tal of 
Trip :—From Pictou Landing to Richmond (Halifax). | 
Distance :—112 miles. 


DETAILS OF EXPERIMENTAL TRAIN. 


Locomotive used :—No. 19, N.S. Railway. 
Description :—Wood burner by Neilson & Co., Glasgow. This engine is of the 
same pattern and dimensions as No. 7, and before the alterations in furnace and draught 
arrangements of No. 7, the two engines were precisely similar. This engine was not 
weighed, but the weight may be safely taken as the same as that of No. 7. 
Pounds. 
Weight of Train.—Weight of engine without tender...........s soso ess 66,130 Experimental 
Weight of tender with water, (without fuel)........::. 40,340 train. 
5 box-cars, each carrying 100 barrels of flour...........181,040 


7 coal (platform) cars, (loaded) .............,000 0. + 229,670 
1 first-class passenger car (same as No. 1 Trial)........ 28,260 
Officers and passengers............... ossesnsssssose 1,820 





Total weight of train, not including wood on tender, which 
amounted to 1} cords, or about 3 tons, 3 cwt., at start..547,260 


Or ABOU... cece ccc ess cece rscvcccceecccces ss 244 tons, Ÿ cwt. 
« Add fuel, atstart....... @e®eBOns ee eet eees eeeeesee8 3 3 «4 


Total weight with fuel about.......................247 4 10 € 


qua 





*For discussions of tbe subject of the economical use of bituminous coals as steam-pro- 
docers, see the Reports of Messrs. Richardson and Bunning, “ On the experiments at 
Keybam, on the use of mixed Hartley (Newcastle) and Welsh coals in Marine boilers,” 
Trans, North of Englaad Institute of Mining Engineers, Vol. XIV ; — the “ Report of a 
Committee on the Smoke Question,” [bid., Vol. XVIII, p. 37 et seq.; and Mr. Bunning’s 
Report on Experiments on Hartley coal, on the steamer Weardale, Ibid. Vol. XVIII, 
P. 105, These experiments will be again referred to, and some notes on this subject 
given, in the latter portion of this Section of this Report. 





Trip. 


Wood con- 
sumed, 
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Or only about two tons less than the train in Trial No. 1. The length 
of train was, as before, 457 feet, the same number of cars of eact 
class being used. 

This train started from Pictou Landing, at 8 h. 84 m. A.M., and afte 
many stoppages, as before, to pass up-trains, and to allow regular dow. 
trains to pass, reached Richmond station at 9. h. 18% m., P.M. 

The account of actual time and stoppages is as follows :— 





H. M. 
Time of train on road...... secs cescevececsesececs soccer 12. 44} 
Length of stoppages ........ sous osseuses ee 5. 55} 
Actual running time...........s.sscssossesenooesscsssnse 6. 481 


The character of the line has already been described, under Trial No. 1 
and the conditions of weather, track, etc., under which the two trials wer. 
made were as nearly as possible similar. Steam was kept up well by th 
engine, but with much greater labour of the fireman than during the pre 
vious trial. Itis difficult to make a proper comparison between the two 
experiments in this particular, without a table showing the varying 
pressures on the different grades throughout the entire length of the line. 
Such a tabulation has been made in manuscript, but will not be here given, 
as it would necessarily extend the size of this Report. It shows no import 
ant difference between coal and wood. It has already been noted that on 
the Summit grade (67.58 feet to the mile, with a curve of about 1000 feet 
radius), the engine in the coal-trial made 59 revolutions per minute, with 
both pumps on. Under precisely similar conditions, the wood-engine, with 
a train of about two tons less weight, made 47 revolutions. Thus, in the 
severest test during the experiments, the coal gave the best result. 

With wood, as may be expected, no attention to ash or cinder wa 
necessary. 


BTATEMENT OF WOOD BURNT. 


The following is a statement of the wood taken on to the tender during 
the trip :— 


Wood taken on at Picton Landing.........evessessee ee 1} Cords. 

«c “cet Glengarry.. ..... 24miles........e 3 “ 

CC sc 6 4 Riversdale....,........ 38 % Lc ce teen 3 # 

te 4  Pollybog.. .........e. 64 #  ,....... j “ 

“6 ee Windsor Junction.....99 “ ......... } & 
Total taken on to tender during trip......cccececcsscceces 4 Cords. 
Remaining on tender at Richmond.......ccccecceeccucees ,; & 


Total wood consumed on trip....cecccccvcccaccccce ecee.3Q Cords. 


APPENDIX TO REPORTS ON THE PICTOU COAL FIELD. 405 


This wood (dry), weighs about 2 tons 1 cwt. per cord ; the total quantity 
consumed would thus amount to about 17.210 Ibs., equalling 7 tons 14 
ewt., nearly. This is equal to 153.66 Ibs., per train-mile, or 11.88 
Ibs. per car-mile. 

The weight of water evaporated was estimated as in the previous rail- 7 
way trial. The calculated amounts used between stations are :— 











Pounds. 
Between Pictou Landing and New Glasgow, 8 miles. 2,761 
New Glasgow and Glengarry. 16 “7831 
Glengarry and Riversdale. “6,176 
Riversdale and Pollybog «1,530 
Pollybog and Elmsdale. «6,330 
Elmsdale and Windsor Junction. 17 “6024 
Junction and Richmond... “2,886 





Total between Pictou and Richmond....... ..37,637 


This is equal to 2.181 pounds water evaporated for one pound of wood 
burnt, the temperature of the feed-water being, as before, about 40° Fah- 
renheit. The quality of the wood used on this trial, was, in my opinion, 
considerably better than the average supplied to the railway ; at least in a 
number of trips between Pictou and Halifax, I have never seen as good 
quality used ; it was principally hard-wood, birch, ete. 


COMPARISON OF COAL AND WOOD. 


(DEDUCED FROM TRIALS OF AOADIA COAL AND WOOD, OM THE . 8. RAILWAY.) 


In regard to length of trip, condition of track, and weight of train, the 
comparative trials may be said to have been made under nearly similar 
circumstances. The weight of train in the wood-trial was two tons less 
at the start than the train in the coal-trial, but the amount of wood added 
during the wood-trial at different points, and carried varying distances, pro- 
bably equalled two tons carried the entire distance. The length of 
stoppages during the wood-trial was 1h. 14m. longer than in the coal exper 
iment, which would result, though to only a small extent, in favour of coal. 
All things considered, however, the conditions in each were practically 
the same, and it now only remains to compare the results, in the most 
important particulars of time, labour of men, first cost and expense in 
use of the two fuels. 

Time.—It has been remarked on the preceding page that no important 
difference has been shown by the notes taken of the steam-gauge during the 
two trials. That there must be some difference in favour of coal, in capa- 

” city for keeping steam, will be seen by a comparison of actual running time, 
which stands as follows :— 


Time lost in 
wooding-up. 


abour. 


Comparative 
expense, 
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H. X. 

Actual running time, wood trial................. «+. 6 48} 
ee a“ coal trial.... cs. ccccccccee ce 6 093 
Difference in favour of coal...,.... sous cccc access 0 39 


À saving of time might be effected if coal were used, from the fact that 
enough coal might be put onto the tender at the start from either terminus 
of the railway, for the entire trip. This could not be done in using wood. 
for several reasons :—first, because the capacity of the tender would not 
be sufficiently great ; aud second, even if the tender were of sufficient 
capacity, the great weight carried, (7 or 8 tons of wood, to say nothing 
of the greatly increased weight of tender,) would be a material objection. 

In the first of the experiments under consideration, the greater part of 
the coal consumed was put on the tender at Pictou Landing, a small por 
tion being added from the supply-car during the last 25 miles. As the 
entire quantity might have been added, without inconvenience, at the start, 
we may assume that no time was lost in coaling. 

During the second trial, the record of time consumed in wooding-up 
stands as follows :— | 


At Glengarry......... 3 men employed in wooding 9 minutes. 
‘© Riverdale........., 3 a“ ca 7 
© Pollybog......….....2 a “ 6 ‘ 
“ Windsor Junction..3 se “ 5 ‘ 
Total time employed in wooding...... s........ 27 minutes. 


As it was generally known along the line that this train was an exper: 
mental one, it is but reasonable to suppose that, at least, the usual celerity 
in wooding was attained. The account includes only the actual time 
employed in throwing the wood on to the tender. Probably several minutes 
might be added for time consumed in getting the train in position at the 
wooding-station, starting, etc. If we suppose this extra time to amount 
to three minutes, we then have one half hour of time lost in taking in wood, 
between Pictou and Halifax. 

Labour of men.—lIt will be evident from the last paragraph that a con 
siderable amount of labour would be saved at the various stations were al 
the fuel for a trip carried from each terminus. This, however, properly 
comes under the head of expenses, and the only point to be here consider 
ed is the difference in labour of the fireman, which is very considerable, 
as will be seen by a comparison of the two fuels burnt :—coal, 5,636 lbs.; 
wood, about 17,210 lbs. ; divided into, respectively, 76 and 136 firings. 

Comparative expense.—-Not being connected with this railway, | 
have no means of estimating, except in the rudest manner, the comparative 
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expense in the use of the two fuels. An approximate idea can be gained 
by a moment’s consideration of the general management required to supply 
trains at the termini, and at various points along the road. 

Wood.—After being cut, the wood is generally corded at or near some 
point on the main line, from whence it is taken on extra wood-trains to the 
different wooding-stations, to be used as need be. This not only requires 
many extra hands, but extra trains, with consequent wear and tear of 
rolling-stock and permanent way. 

Coal.— With coal, but two coaling-stations would be required ; at Pictou 
and Richmond (Halifax). The coal could be put into coal-cars at the mines, 
for transportation to the two termini, or, should a third station be required, to 
Truro also. At these stations a system of shutes could be arranged, by means 
of which the coal could be put into the tender very quickly, and without 
any handling. I shall not attempt to estimate the cost of running the line, 
but for general information it may be stated that the cost of coal, delivered 
at Coal Mines station, is about $2.25 per ton, (or, say $2.50 at Pictou 
Landing, and $3.00, without profit in carriage, at Halifax ;) while the con- 
tract price of wood is, I believe, $3.50 per cord, delivered at the wooding 
stations. During about eight months in the year two regular passenger 
and freight trains are run each way per day, on this railway, between Pictou 
and Halifax, and two each way between Truro and Halifax (61 miles); to say 
nothing of the extra and coal trains. During the winter months, only one 
through-train is run, each way, per day. 


TRIAL NO. 4; DRUMMOND COAL, 


This trial was made on December 2nd, 1869; a previous trial, in 
the latter part of the month of November, having been abandoned on 
account of bad weather. The length of the Intercolonial Coal Mining 
Company’s railway (about 6% miles) not being sufficient for a proper 
trial with a single trip ; three round trips (from the colliery to the Drum- 
mond wharf at Granton, and back—134 miles) were made with a loaded 
coal train. During these trials the usual careful notes were taken of the 
performance of the engine, and the line being staked out in miles and half- 
miles, the time of passing the stakes, as well as a number of other 
points on the road, were also taken, to a second, by Mr. William Crawford, 
C.E., Chief Engineer of the Intercolonial Company, who kindly accom- 
panied me, and to whom I would express my obligations for the interest 
he has taken in my experiments, and the valuable aid he has afforded me. 

The notes of this trial furnish a complete record of the performance of 
the engine upon each grade, and when time permits they will be given to 
the public, with a proper discussion of the facts elicited. 

For the purpose of the present Report, however, it will be sufficient to 


Drummond coal 
triaL 
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sive the general results, and the trial will be divided into two experiments ; 
he first, (experiment A), from an improper arrangement of the ash-pan 
vod grate-bars, not having been as successful as the second (experiment 
3). The same train was used in both. 

Description of line.—The down-trip from the colliery to Granton was 
comparatively easy, as it included only about one and a-half miles of up- 
grade, ranging from 44 feet to 534 feet per mile. The average grade 
n the return-trip was about 50 feet up, per mile, for the first three 
ailes ; down about 45 feet per mile, for one and a-half miles, and then up, 
vith grades ranging from 234 feet to 98 feet per mile, and averaging, 
verhaps 65 feet per mile. Some of the curves were very sharp; one of 
100 feet radius, and one more than one-quarter of a mile long of 655 feet 
adius, besides a number ranging from 702 feet to 1,133 feet radius. 


DETAILS OF TRAIN IN BOTH EXPERIMENTS, 


Locomotive used :—No. 3, Intercolonial Coal Mining Company's Railway. 


Description :—Coal burner by Dabs & Co., Glasgow, Scotland—Tank-engine, six 
rivers, 5' diameter (coupled). Cylinders (2) 14" diameter x 22" stroke,—with 15 per. 
ent. of steam on piston when in full gear. Firegrate area 12.12 square feet. 152 brass 
ubes, 12” outside diameter—superficial area of which is 680.48 square fect. Wheel-base 
fengine, 11 feet. 









Weight of Train.—Weight of engine No. 8, empty. 0 
Equipment. . 0 
12 coal cars, , 17 
Officers and passengers 7 
Total weight of train ...... deena cece ee en eee 142 4 


The length of this train from tread of forward driver was 196 feet. 

The coal consumed was carefully weighed on a Fairbanks scale, and the 
vater evaporated estimated as in previous trials. The two tanks of the 
mgine were rectangular, and being exactly filled each time of taking-in 
rater, the estimate of water may be relied upon. 


EXPERIMENT A. 


In this experiment the grate-bars in the furnace of Engine No. 3 were 
aot properly arranged, every other grate-bar having been removed, leaving 
about 2 inches between the bars, through which a considerable amount of 
unburnt coal fell, choking up the dampers of the ash-pan (which was very 
small), and thereby obstructing the draught. Added to this, the day was 
30 intensely cold that the steam-gauge was frozen on the up-trip, and the 
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fires could not be properly regulated. The record of distance, time, etc., 
is as follows :— 








Trip 1. Down to wharf at Granton....... .....distance 6.60 miles. Distance, 
6 2. Back to upper siding at colliery ........ 6 6.84 ‘“ 
Total distance; round trip..... ses scee cece - ..13.44 miles. 
Min. Sec. 
Trip 1. Time on road, no stoppage...........sosece. .24 46 
602 « & 4 52 m. 208. stoppage 18 | mn. actuel time. 34 20 Time. 
Actual running time (13.44 miles) ......,,..,,.,... 59 06 


During experiment A, trip No. 2, the steam-gauge was frozen, and the 
fire could not be properly managed ; the 18 minutes stoppage was time 


lost in thawing the gauge, and getting up steam with the blower, while 
standing. 


STATEMENT OF COAL BURNT AND WATER EVAPORATED. 


The amount of coal burnt, while running and during stoppage, was 658 Beealts. 
Ïb3 ; the water evaporated being 3,423 Ibs. This is equal to 5.202 
Ibs. of water, evaporated from the temperature of the feed water, 
(about 85° F.), to the pound of coal consumed, or 6.15 lbs. of water 
evaporated from 212°, to one pound of coal, not taking pressures of 
steam into consideration. The coal was divided into 12 firings ; ; 3 on the 
down-trip and 9 on return-trip to the colliery. The fire-door was open 
9 minutes on the down-trip and 7 minutes on the return. The engine was 
on a down grade 18 minutes, during the down trip (and not using steam), 
and about 4 minutes during thereturn. The fire was broken up with the 
pricking-bar, once on each trip, which was all the attention it required, save 
firing. The coal steamed well, except at the close of the second trip, 
when the ash-pan damper became choked with ash and unburnt coal, (the 
engine being designed for Scotch coal, which gives very little ash.) 


EXPERIMENT B. 


This trial was far more successful than the first, as the full set of bars Second trial. 
were put in, leaving spaces of but ~ of an inch between them. The 
ash-pan was removed, and the steam-gauge properly protected. Four trips 
(or two round trips) were made with the same train as in experiment A. 
The record of distance, time, etc., is as follows :— 


Trip 3. Colliery to wharf....... Cece cccee eens distance 6.65 miles. 
“ 4, Wharf to upper siding at colliery. ce cees “6.80 “ 
“ 5. Upper siding to points near wharf....... “ 662 “ 
“ 6. Wharf to upper siding at colliery........ “« 6.74 “ 


Distance. 





Total distance ; four trips..... escccceswenve 26.81 miles, 
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H. Min. See. 

Time. Trip 3. Time on road 27m. 40s., stoppage 4m. 15s., actual time...0 23 25 
“4 & & & 35m. 008, “ Tm. 388. “ & ...0 27 22 

“6 & & & 21m. 05z., no stoppage “ «4.60 21 05 

“eg. 4“ 4 4 41m. 25s., stoppage 8m. 108, “ “ ...0 33 15 

Actual running time, (264 miles). ....ccecccccccccccens 1 45 07 


STATEMENT OF COAL BURNT AND WATER EVAPOBATED. 


Steam being up at the commencement of this experiment, the amount 
of coal consumed was 1,236 Ibs., during the four trips. The amount of 

Results. water evaporated was 8,253 Ibs. ; thus the result was : —6.67 lbs. of water 
evaporated from 35° F., by one pound of coal, equal to 7.69 lbs. evaporated 
from 212°, without taking steam-pressures into consideration. This 
result not only proves the coal to be an excellent steam-coal for locomotive 
use, but also indicates that the coal was very economically burnt by the 
locomotive. In comparing this result with the results of railway trial 
No. 1, of Acadia coal, the fact should be taken into consideration that 
the result in the Drummond coal-trial was obtained with an engine 
built expressly for burning this class of bituminous coals, whereas the 
engine used in the Acadia steam-coal trial was a wood-burner, but slightly 
altered, and in all probability not burning the coal in the.most economical 
manner. 

The notes of the second experiment (B) give the following facts, which 
are, perhaps, worthy to be included here :—During the four trips, the number 
of firings was 17 ; the fire-door was open for draught above the grate, 62 
minutes ; and the engine was on an up-grade—or using steam—during 81 
minutes. 

Ash of coal The ash from the coal burnt was gray, with a faint reddish tinge. The 
coal clinkered somewhat, but no inconvenience was felt from that cause, as 
the clinker did not adhere to the grate bars. 

Portion ofeeam The coal used was believed to be a fair average of the 16 feet of the 

mee seam worked ; being a mixture of all the benches except the top-coal and 
coarse-coal at the bottom of the seam. 


AMERICAN NAVY rRIALS OF PICTOU COALS. 


American coal: In & very complete series of trials undertaken for the American govern- 
trials by Prof. ment by Professor W. R. Johnson, in 1843 and 1844, were included 
experiments on two samples of Pictou coals, both from the Old Albion 
mines, and taken, I believe, from the upper twelve feet of the Main seam. 
These experiments were conducted with the greatest care, and with the 
exception of the British experiments, made by Sir Henry T. De la Beche 
and Dr. Lyon Playfair, for the Lords Commissioners of the Admiralty, the 
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American trials are probably the most complete and accurate series of 
trials of steam-coals ever made. 
As the results of Professor Johnson are of great value to the consumers éport of Prof. 
of Pictou coals, I shall take the liberty of including an abstract of them in 
this Report, especially as the volume in which they are contained 
(“ Report to the Navy Department of the United States on American 
coals applicable to Steam Navigation, etc.” by Walter R. Johnson, ) has 
been for years out of print. 
The boiler employed in these experiments was 30 feet long and 34 feet 
in diameter ; set over a furnace, and the heated gases after passing from the 
fire through two interior return-flues, each of 10 inches interior diameter, 
escaped either through an opening, known in the Report as the lower 
damper, into the chimney, or when this damper was closed, it ascended 
from the ends of the two return-flues into an exterior flue on the left of the Apparatus em- 
boiler, and passed along this once more to the rear of the boiler, crossed the : 
“end, and entered a right hand exterior flue, by which, through the upper 
damper, it arrived at its exit into the chimney, entering the latter at a level 
only 14 inches higher than when it passed by the direct exit-flue to the 
lower damper. The details of heating-surface, and lengths of flues 
traversed, together with the arrangements for heating the air before passing 
‘through the grate, are given in the following quotation from Professor 
Johnson’sreport. It follows the detailed description of the boiler and flues, 
a partial abstract of which I have just given : — 
“From this description, it will be observed that the air which supplies 
the combustion, passes first into a chamber beneath the ash-pit, about 7 
feet long, and 3 feet 3 inches wide, along the sides of which are several 
openings, by which it finds its way into the two longitudinal side chambers, 
30 feet long, 6 feet high, and 9 inches wide, between the two side walls; Da te: 
and having arrived, by these, at the rear of the boiler, passes 25 feet 
beneath the flue, arriving at the centre of the grate after a course of 60.5 : 
feet. Thence a course of 58.5 feet brings the products of combustion to 
the aperture through the passage, by the lower damper, into the chimney ; 
and of 62.5 feet farther, or 121 feet from the centre of the grate, to the 
_ point where they finally quit the boiler by the exterior flue. The part of 
the lower arch of the boiler, exposed to the action of heat, is 130 square 
feet, and that of the two return-flues is 157 square feet; so that when the 
combustion was conducted by allowing the products to make their exit Surfaces. 
through the lower passage, or after passing twice the length of the boiler, 
the heated surface was 287 square feet. The boiler-surface exposed in 
_ the exterior flue, or second circuit, is 90.5 feet ; making the entire surface, 
when the products traversed four times the length of the boiler, 377.5 
square feet. The grate being 5 feet long, and 8 feet 3 inches wide, when Grate. 


Air-plate 
bridge. 


Coking-plate, 


Depth of fire. 


Grate-bars. 


Capacity of 
boiler. y 
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at its full dimensions, its area was 16.25 square feet ; and the ratio of the 
grate surface to the heated surface, when the combustion was carried ot 
through the lower damper, was 1: 17.66 ; when through the upper damper. 
making the circuit 121 feet long, this ratio was 1 : 23.23. 

‘ When the air-plate bridge was introduced, it covered 8 inches of the 
length of the grate, reducing its area to 14.07 square feet, and increasing 
the ratio of heated to grate surface to111%:4 = 26.83 to 1. 

During a few trials the grate was still farther reduced in area, by the 
introduction at the front end, next to the fire-doors, of a plate of iron 3 
feet 3 inches long, 112 inches wide, and one-fourth of an inch thick. This 
is termed the ‘ coking-plate,” and was used while burning some of the 
samples of bituminous coal, which were so fine that large portions were 
liable to pass through the grate. With this plate in place, and the air 
plate in its usual position, the size of the grate was reduced to 11.375 square 
feet, and the heated to the grate surface increased to 734,53 =33.18 to 1. 

‘6 On one occasion, instead of contracting the area of the grate by mean 
of the coking plate, it was diminished by placing a row of bricks flatwise 


along each side of the furnace, reducing the grate surface to 10.291 square | 


feet, and the ratio of heated to grate surface to ,3454 = 36.68 to 1. 
“The grate was, in general, about 9 inches at the front, and 10 inche 
at the back end, below the lower arch of the boiler. On one or tw 


occasions, however, which are noted in the tables of experiments, it wa 


varied a little from this distance ; but as no advantage appeared to attend 
the change, it was restored to this, as the most convenient workin: 
distance for all the varieties of fuel employed. 


‘6 The grate-bars used were three-fourths of an inch thick, and the space — 


between them half an inch wide. They were supported at the centre, # 
well as at each end, by a cast-iron bar 23 inches thick, and 4 inches deer. 
Hence, when the grate was at its full size, the total amount of air passage 
through the grate was nearly 5% square feet. 

‘6 The interior capacity of the boiler was such as to contain, when filled 
to the centre of the gauge-tube, or normal level of the experiments, with 
water of 66° temperature, 12,795 lbs. This is the result of an experiment 
made after clearing out and wiping dry the interior of the boiler, and 
refilling it through the measuring-cistern. Of this quantity, 493 pounds 
were then withdrawn, leaving 12,302 pounds, filling the boiler to within 
1.1 inch of the normal level. On subsequently heating this to 230°, the 
water in the gauge, after taking all due precaution to withdraw the cold 
water from the glass tube, and filling it with that which was hot, stood 
once more at the normal level. Hence the apparent expansion of water in 
iron, by an addition of 164 degrees of heat, is equivalent to #5%%x =0.0401, 


or a little more than one twenty-fifth part of its bulk at 66°.’’* 


* Report on American Coals, pp. 12-18. 
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The details of supply of water, gauges and discussions of the method Other deta 
of conducting the experiments, though of very great scientific interest, " 
occupy too much space to be given here. I shall therefore proceed to the 
results of the experiments, using as nearly as possible the arrangement of 
the original report. All the facts which follow, are taken from Johnson, 
and where advisable, his report is quoted verbatim. 

Under Class IV, (p. 452) of the Report, Professor Johnson includes : Classification of 
‘“‘ Foreign bitaminous coals, and those of similar constitution West of the 
Alleghany Mountains.” Among the foreign coals, he includes :— 


. Pietou, (purchased in New York.) 

. Sydney. 

. Pictou, (Cunard's.) Johnson's Clase 
. Liverpool. lv. 

. Newcastle. 

6. Scoteh, 


In description of the general characters of these coals, he says :—““In 
many respects this class of coals bears a strong analogy to the preceding.* 
The ratio of the fixed to the volatile combustible matter is, however, general char 
something less. The exterior presents often a resinous lustre. The sur- “™ 
faces of deposition are easily developed by fracture. Great facility of 
ignition and a high degree of activity in the combustion of their volatile 
constituents, are also general properties of this class. Their high propor- 
tion of volatile combustible matter renders these coals, when nearly free 
from sulphur, eminently suitable for the production of illuminating gas ; and 
the tendency of their cokes, with few exceptions, to intumesce strongly, 
renders them, in common with the preceding class, highly serviceable for 
forming large hollow fires for smithing purposes.” 


ao À O89 OD = 





( Copy.) 
No. 1. 


Bituminous coal from Pictou, Nova Scotia, procured from Mesers. 
Laing § Randolph, in New York, for comparative experiments. 

This coal has a glimmering lustre, or a dull aspect, according to the trial of the 
part observed. The surfaces of deposition are, in some specimens, Now Tone D 
inclined at an angle of 83° to the main partings ; thin scales of earthy 
matter are occasionally found in the joints, or vertical seams; but, in 
general, little impurity is observable on the exterior. Conchoidal frac. 
tures are of unfrequent occurrence. The coal was of average size, lumps 
and fine being intermixed in due proportion, to constitute a merchantable 
article for ordinary use in smith’s fires, and for domestic purposes. The 


neighbourhood of Richmond. (Report, pp. 308-541.) 
DD 
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powder of this coal is of a dark brown colour, and its streak on a white 
earthern ground is of the same tint 

The specific gravity of one specimen (a) was 1.3546 ; that of another, 
(6) 1.2807: from the mean of which, the calculated weight per cubic 
foot is 82.35 pounds. 

By 39 trials in the charge-box, the greatest weight of any one charge 
was 112.25 pounds, or 56.125 Ibs. per cubic foot. The least weight wa: 
97.5 lbs. per charge, or 48.75 Ibs. per cubic foot; while the average o 
the whole was 53.548, or 0.6502 of the above calculated weight. The 
space for the stowage of one ton of the coal is 41.882 cubic feet. 

The moisture in specimen a was 0.97 ; and that in 5, 0.985 per cent. 

The volatile matter, other than moisture, in a, was 27.51; the sulphur. 
0.7689 per cent. 

The volatile matter, other than moisture in 6, 20.105. 

Four incinerations of a, gave of ashes 2.38 ; and the same number of. 
2.65 per cent. Hence the Composition is as follows, viz :— 

Specimen a. Specimen b. 
















Moisture.. + 0,970 0.935 
Sulphur 0.769 (not tried.) 
Other volatile matter 26.741 20.105 
Eartby matte 2.380 2.660 
Fixed carbon... 69.140 76.310 
100. 100. 
The volatile to fixed combustible........ 1: 2.5132 1: 3.7955 


Two specimens of this sample of coal were assayed by Dr. King, an! 


yielded, the one 36, and the other 33, per cent. of volatile matter, includiny - 


moisture. These, combined with the above, give a mean of 29.63, whid 
may probably be assumed as a pretty near approximation to the averagt 
yield of this ingredient. 

By exposure for four days in the steam-drying apparatus, 28 pound 
of this coal lost 0.71875 lbs. of moisture, or 2.567 per cent. 

During the four trials of evaporative power, 4158.875 pounds wer 
burned, and yielded 302.4 Ibs. of ashes, (including those of 408.62 Ibs 
of pine wood,) 258.475 pounds of clinker, and 19.5 pounds of soot. Th 
ashes lost by re-incineration 5.907, and the soot 65.42, per cent. of ther 
weight. 

Hence the absolutely incombustible materials are— 


284.540 pounds. 
263.415 
6.743 4 


644758 
1.227 4 





Deduct for wood ashes. 





Lenves. 543.631 “ 











+ e 
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which is 13.889 per cent. of the coal burned. 
By these data we may assign the following as the proximate constituents Practionl ansly~ 
of this sample, viz. :— 





Moisture, (from 28 Iba.).......cccccrccreccccenes 2.567 per cent. 

Other volatile matter, (mean of 4 specimens)..... » 27.063 

Earthy matter (from 4163.87 1bs.).........ss.sese 13.389 a 

Fixed carbon.....ccccccccccccccescccnvsaccuces 56.981 ue 
160. 


Volatile to fixed combustible ... ..... 1 : 2.1054 


The above result in earthy matter, derived from a sample of two tons, 
exhibits a striking contrast with the analyses of single hand-specimens. 

The clinker is of a dark reddish-brown colour, in sheets of considerable cunker. 
magnitude, somewhat porous; small shaly fragments are intermixed, and 
sometimes adhere to the vitrified masses. It weighed 43.12 pounds per 
cubic foot, and gained weight by calcination equal to 0.84 per cent., 
leaving the powder of a light brown, with its finer parts bright red. 

The weight of the ashes, as they came from the furnace, was 38.56 lbs. 
per cubic foot ; and the residue of their re-incineration had a colour nearly as. 
flesh-red, while that from the soot was reddish-grey—a shade lighter than 
that from the ashes. 

The ashes from specimens a and 6 are of a purplish-red colour, with 
specks of white. 

Tried with the oxide of lead, 20 grains of specimen a gave 544.8 grains 
of metallic lead, or 27.24 times its weight. Deducting moisture and 
earthy matter, this gives to one of combustible matter 28.184. 

In a smith’s fire for ordinary work, this coal afforded a rather dull com- 
bustion ; made a good hollow fire ; left a fair coke, not unusually hard ; 

produced a large quantity of cinder, and gave a tolerably fair heat. 
= In the chain-shop, it gave a heavy flame ; formed a coke too hard to be Trial for chain 
easily broken up, as the work requires ; was rather hard and unmanage- = 
able, and left a large proportion of cinder. Sixty pounds made but 11 
links of a chain 1g inch in diameter ; while several other coals, tried by 
the same workman on the same chain, were found adequate to the making 
of from 13 to 20 links, by the same weight of coal. 

* * # * # * a * 

The ignition of this coal is easily effected. It took, on an average of 
four trials, only 0.937 hour, or 564 minutes, to bring the boiler to a state 
of steady action. In conformity with this fact, is that relative to the 
unburnt coke, which was, on an average, only 5.689 lbs. at each trial.* 


tions in the table on the next two pages are taken. It is extracted verbatim from 
Johnson's Report. 
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DEDUCTIONS FROM TABLES CLV, CLVI, CLVII, 





Nature of the data farnished by the respective tables. 





Total duration of the experiment, in hours. 
Duration of steady action, in hours. 
Area of grate, in square feet .. 
Area of heated surface of boiler, in square ‘feet 
‘Ares of boiler exposed to direct radiation, in square feet. 
Number of charges of coal supplied to grate. 

Total weight of coal supplied to grate, in pounds 
Pounds of coal actually consumed. 
Pounds of coal withdrawn and separated after ‘ial 
Mean weight, in pouuds, of one cubic foot of coal. 
Pounds of coal supplied per hour, during steady action. 
Pounds of coal per square foot of grate surface, per hour. 
Total waste, ashes and clinker, from 100 pounds of coal. 
Pounds of clinker alone, from 100 pounds of coal. 
Ratio of clinker to the total waste, per cent. 
Total pounds of water supplied to the boiler. 
Mean temperature of water, in degrees Fabrenbei 
Pounds of water supplied at the end of experiment, to 


































pet 

of experiment, in pound 

Ponnds of water evaporated p. hour, during steady action 

Cubic feet of water per hour, duriag steady action... 

Pounds of water per equare foot of heated surface per 
hour, by one calculation. 

Pounds of water per square foot, by # mean of veral 
ODEFTATIODB. «ee... 

Water evaporated by 1 of coal, from 
final result... : 

Water eraporated by 1 of coal, from initial 
during steady action..... wee 

Pounds of fuel evaporatirg one cubic foot of water. 

Mean temperature of air entering below ash-pit, during 
steady pressure... 

Mean temp. of wet-bulb thermo., during steady pressure 

Mean temperature of air, on art 

Mean temp. of gases, when arriving at the chimney. 

Mean temperature of steam in the boiler 

Mean temperature of attached thermomete 

Mean height of barometer, in inches. 

| Mean number of volumes of air in manometer. 

Mean height of mercury in manometer, in atmospheres. 

Mean heightof water in syphon draught-gauge, in inches 

Mean temperature of dew-point, by calculation...... 

Mean gain of temp. by the air, before reaching gra 

Mean difference between steam and escaping gases 

Water to 1 of coal, corrected for temperature of Wi 
in cistern. . 

Water to 1 of coal, from 212°, 
of water in cistern......... 

Pounds of water, from 212°, to 1 cubic foot of coal’... 

Water, from 212°, to 1 pound of combustible matter of 
the fuel... DETENTE ES 

Mean pressure, in atmospheres, above a vacuum 

Mean pressure, in pounds p. sq. inch, above atmosphere 

Condition of the alr-plates, at the furnace-bri ge 

Taches opening of damper, (U. upper) 














































































+ Experiments on Pictos 
Ast Trial, | 2d Trial. 
(Table CLV.) | (Table CLFI.) 
August 30. | Augwt 31. 
22.033 23.95 | 
6.333 6.33 | 
14.07 14.07 
377.5 377.5 
18.78 18.75 
9.0 10.0 
978.60 1071.75 
974.88 1069.612 
3.63 2.138 | 
54.361 53.5375 | 
120.77 119.6 | 
8.583 8.506 | 
13.714 12.934 | 
6.6911 6.2139 | 
48.788 48.0695 | 
7159.0 8340.0 
82°.8 83°.0 
782.0 550.0 
99.0 69.0 | 
882.36 908.88 | 
14.12 14.54 
2.337 2.407 
2.347 2.397 
7.858 7.788 : 
7.301 7.5936 
7.9537 8.0823 
92.60 92.31 | 
19°.08 80°.69 
2540.92 259°.125 | 
301°.25 334°.6 
2290.54 229°.5 | 
84°.88 86.94 | 
30.161 30.07 | 
5.225 5.210 
0.5342 0.5366 
0.2907 0.3077 
15°.9 770,525 
162°.61 166°.535 | 
719,71 105.1 | 
7.8258 7.7013 | 
8.8059 8.6658 
478.74 464.38 
10.2055 9.9532 
1.4213 1.4288 | 
6.2219 6.3324 | 
Open. Closed. 
Uv. 8 U. 8. 











a 
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CLVIIT, OF JOHNSON’S REPORT, PAGES 456-463. 
coal (from New York.) 





3rd Trial. 4th Trial. Averages, Remarks. 
(Table CLVII.)( Table CL VIII.) 
September 1, | September 2. 
23.95 23.05 
10.00 7.083 
14.07 14.07 
377.5 377.5 
18.75 18.75 
11.0 9.0 
1179.5 947.0 
1166.61 942.89 
12.89 4.11 5.6895 
53.614 52.611 53.5434 
96.9 104.01 110.342 
6.887 7.392 7.842 
13.195 13.642 13.3712 
5.2321 6.3657 6.1257 
39.651 46.658 45.7916 
8743.0 6661.0 
84°.1 82°. 7 
575.0 547.0 
72.0 69.0 
721.9 684.59 799.432 
11.55 10.953 12. 7908 
1.912 1.813 2.1172 
1.893 1.794 
7.432 7.009 7.508 |With damper drawn 8 inches, the first trial 
gave, witb a clean surface of boiler and 
1.449 6.5802 7.231 flues, and the air-plate open, 7.858 of water 
8.4096 8.9171 8.3407 | to 1 of coal; the second, with the same 
> plate closed, and surfaces with one day’s 
899.8 909.33 impurity on the flues, 7.733, or 1.6 per 
199.21 18° .87 cent. less. 
2829.05 278°.8 268°. 724 
315°. 42 306°. 71 308°. 702 
231°.0 228°.6 
85°. 71 83°.0 
30.080 30.104 
5.227 6.247 
0.4343 0.5323 
0.2845 0.2443 0.2818 
75° .53 759.7 
191°,72 189°.0 1779.466 
85°.33 770.77 849.69 
7.4009 6.9803 7.477) 
8.3207 1.8545 8.4117 
446.10 413.23 450.612 
9.5855 9.0953 9.7099 |In the fourth trial, the decided inferiority of 
1.4219 1.4122 1.421 effect to the preceding is probably to be as- 
6.231 6.0876 6.2182 | cribed to the coating of soot upon the flues, 
Open. Closed. and the want of sufficient draught to burn 
UV. 4. U. 4. completely the products of combustion. 
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( Copy.) 
No. 3. 


wus coal from Pictou, Nova Scotia, sent by Mr. Cunard, agent of 
the General Mining Association of London. 


oal of this sample is, in every external character, entirely similar to 
n the same mining district obtained from New York. The specific 
of one specimen (a) was 1.8155; that of another, (6,) 1.8352. 
in of these makes the weight of the cubic foot in the solid state 
pounds. The actual weight, determined by 20 trials in the charge- 
or the least 45.5, for the greatest 52-125, and for the average 
yunds per cubic foot, or 0.5945 of the calculated weight. Hence 
e to receive one ton is 45.482 cubic feet. 

aoisture expelled by thoroughly drying specimen 5 was 1.079. 
oking of a caused loss, including moisture, of 26418 per cent. 
cess having been conducted very slowly, the powder did not 
agglutinated ; but another portion of the same powder suddenly 
toa bright red heat, became converted into a well-formed mass. 
men 8, a portion coked so slowly, and at so low a heat, that the 
not take fire, exhibited a loss of 27.1 per cent. Another portion of 
> powder, coked rapidly, so as to become completely coalescent, 
4 per cent. . 

arthy matter in a was 10.09, in 5 11.404 per cent. Hence the 
te constituents of these two specimens are— 














Specimen a. Specimen à. 
olsture........(not separately determined) 1.07; 

, otber than by slow 
olatile matter. aa een) 26.071 pee, 
arthy matter. ++ 10,090 11.404 
ixed carbon. . + 63.497 61.496 

100. 100. 
olatile to fixed combustible 1 : 2.404 1: 2.3633 


noisture expelled from 28 Ibs., dried in the steaming-apparatus, 
d to 0.7812 per cent. The volatile matter, including moisture, 
‘mean of the two specimens above given, is 26.756. 

g the two experiments on evaporation, there were burned 1962.5 
of this coal, and the— 


Weight of ashes withdrawn wi 
of clinker. 
of soot... 


116.00 Ibs. 
121.75 « 
8.75 
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The ashes lost 0.04077 of their weight, and the soot 0.60144, by re- 
incineration. Reducing the weights of these two, and deducting 1.029 lbs., 
for the ashes of 355.25 Ibs. of pine wood, we have left 245. 481 Ibs., for 
the total waste from the above weight of coal, or 12.508 per cent. 

From these data it would seem that the coal is composed of — 


Moisture, (from 28 1bs.) - - . 
Other volatile matter, (from two specimens) - 25.9753 


Practical ana- 
0.7812 iyeis. 


Earthy matter (from 1962.5 Ibs.) - 13.5085 
Fixed carbon, (calculated by difference) 60.7350 


100. 


Volatile to fixed combustible 1 : 2.5929. 
The ashes weighed 39.01 lbs. per cubic foot. 
The clinker ‘ 38.00 ee a 

The soot “63.82 “ “ 


When re-incinerated or calcined, the clinker became of a dark drab or cinker. 
light brown colour, the ashes of a light reddish-gray, and the residue of the 
soot a light drab colour. The ashes from analysis of a were pure white ; 
from 6, dirty white. 

The clinker, as it came from the furnace, was black, vitreous, and 
porous, in masses tolerably friable, and not apparently prone to adhere to 
the grate. Much shaly matter attaches itself to the vitrified portions. 

With the oxide of lead, specimen 5 gave 23.855 times its weight in 
metallic lead. Deducting moisture and earthy matter, we have left 
0.87517 of combustible ; by which, dividing the above,we get ,33:24— 
26.686. 

For the reason assigned in regard to the preceding sample which 
accompanied this, the trial in smith’s forges and in open grates was neces- 
sarily dispensed with. This is the less to be regretted in the present 
instance, as the sample of Pictou coal already described has been tested in 
the forge ; and as the action of the two samples is in other respects almost 
identical, there is no reason to doubt that in this particular also they would 
be found to coincide. 

The mean time required to bring the boiler to a steady rate of evapora- 
tion was 0.85 hour, or 51 minutes. The weight of coke left unburnt on 
the grate was very small, being on the first trial, 5 pounds, and on the 
second 2.5. The combustion commenced promptly, and the flame was 
long, and accompanied by considerable smoke. The large amount of 
clinker (more than 50 per cent. of the total waste) rendered it necessary 
to remove the heavier masses within a few hours after the fire was kindled. 


i ee ee 


Results of Trial. 
Ho. 3. Class iV. 


420 GEOLOGICAL SURVEY OF CANADA. 


DEDUCTIONS FROM TABLES CLXIII, CLXIV 











Experiments o1 
' 
Nature of the data furnished by the respective tables. | Ist Trial. | 2d Trial. 
(Table CLXIID) (Table CLIT. 
— PR 
| September 27. September 22. 
l 
1 | Total duration of the experiment, in hours........... | 25.083 24.383 
2 | Duration of steady action, in bours....... eo ncecc once 5.267 5.333 
3 | Area of grate, in square feet..................ss.e | 14.07 14.07 
4 | Area of heated surface of boiler, in square feet........ 377.5 377-5 
5 | Area of boiler exposed to direct radiation, in square feet | 18.75 18.75 
6 | Number of charges of coal supplied to grate.......... | 10.0 10.0 
7 | Total weight of coal supplied to grate, in pounds..... 992.25 977.75 
8 | Pounds of coal actually consumed.................. 987.25 975.25 
9 | Pounds of coal withdrawn and separated afier trial... 5.0 2.5 
10 | Mean weight, in pounds, of one cubic foot of coal..... 49.6125 48.8875 
11 | Pounds of coal supplied per hour, during steady action ! 149.212 127.648 
12 | Pounds of coal per square foot of grate surface, per hour 10.6 9.072 
13 | Total waste, ashes and clinker, from 100 pounds of coal | 11.62 12.505 
14 | Pounds of clinker alone, from 100 pounds of coal...... 5.7655 6.6199 
15 | Ratio of clinker to the total waste, per cent........ .. | 49.347 52.935 
16 | Total pounds of water supplied to the boiler.......... | 7545.0 7204.0 
17 | Mean temperature of water, in degrees Fabrenheit..... '  70°.5 67°.3 
18 | Pounds of water supplied at the end of experiment, to | 
restore level..... once eee sonore core sosetoees 270.0 406.0 
19 | Deduction for temperature of water supplied at end of 
experiment, in pounds..... cece r eee cece es ecenes 37.0 57.0 
20 | Pounds of water evaporated p. hour, daring steady action | 1123.86 936.68 
21 | Cubic feet of water per hour, during steady action..... 17.96 14.987 
22 | Pounds of water per square foot of heated surface per 
hour, by one calculation. ....................... 2.974 2.481 
23 | Pounds of water per square feet, by a mean of several 
observations........ cece e cence cocccenes PETITES 2.988 2.498 
24 | Water evaporated by 1 of coal, from initial temp. (a) 
final result.......,........ ss. su. 7.6049 7.328 
25 | Water evaporated by 1 of coal, from initial temp. (b) 
during steady action..... Or cecresess epee ce serene 7.522 7.338 
26 | Pounds of fuel evaporating one cubic foot of water... &.2174 8.529 
27 | Mean temperature of air entering below asb-pit, during 
steady presgure...........emssssseosessese ….. 64°.15 642.33 
28 | Mean temp. of wet-bulb thermome ter, daring steady 
pressure 2... ccc ccc ce ccc cece neers even secceense 55°.08 559.8 
29 | Mean temperature of air, on arriving at the grate... 2099.15 233°.13 , 
30 | Mean temp. of gases, when arriving at the chimney. . ee 295° .0 330°.8 , 
31 | Mean temperature of steam in the boiler.............. | 2319.0 232°.0 
32 | Mean temperature of attached thermometer........... 62°.115 59° .67 
33 | Mean height of barometer, in inches............ su... 80.146 30.249 
34 | Mean number of volumes of air in manometer. see 5.0246 5.004 
35 | Mean height of mercury in manometer, in atmospheres. - 5546 5572 | 
36 | Mean height of water in syphon draught-gauge, in inches -3241 3525 
37 | Mean temperature of dew-point, by calculation........ 46°.78 48° .63 
38 | Mean gain of temp. by the air, before reaching grate.. | 145°.0 168°.8 
39 | Mean difference between steam and escaping gases.... 67° .66 107° .06 
40 | Water to 1 of coal, corrected for temp. of water in cistern 7.5864 7.3148 
41 | Water to 1 of coal, from 212°, corrected for temperature | 
of water in cistern.....,........sess.sossesse …. 8.6249 8.3446 
42 | Pounds of water, from 212°, to one cubic foot of coal.. 427.9 407.94 
43 | Water, from 212°, to one pound of combustible matter 5373 | 
of the fuel ..........,.......sssssenoese ETES 9.7589 9.53: 
44 | Mean pressure, in atmospheres, ‘above a vacuum sr. 1.4389 1.4408 , 
45 | Mean pressure, in pounds p. sq. inch., above atmosphere 6.4819 6.5104 | 
46 | Condition of the air-plates at the furnace-bridge...... Closed. Open. | 


47 | Inches opening of damper, (U. upper)...... soso | U. 8. U. 8 | 


gt 
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OF JOHNSON’S REPORT, PAGES 478-481. 
Pictow (N. 8.) coal, (Cunard, agent.) 





Averages. Remarks. 





re 


3.75 |In a very close approach to total combustion, as well as in many other of 
49.26 its properties and modes of action, this sample manifests its affinity 
138.43 | with the Pictou coal procured in New York. 
12.0625 
6.1927 
51.141 


1029.77 The rate of evaporation with air-plate open is 16.5 per cent. less rapid 
16.4736 than with the plate closed. 


2.7275 


1.4664 


7.43 
8.3732 


2319.14 

312°.5 With the air-plate open, as in the second trial, the gases going to the 
chimney had a temperature 35° higher than with the same plate closed, 
as in the firstexperiment. The considerable coating of soot on the flues 
may have helped tu keep the gases at their high temperature, and to 
diminish the evaporative effect, as seen in lines 41 and 43. 


-3383 |The second trial had the advantage of a stronger draught than the first. 


156°.9 
87°. 33 
7.4606 


8.4848 
417.93 


9.6481 
1.4398 
6.4962 
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DRUMMOND COAL ON QUEBEC STEAMERS. 


portunity for making a steamer-trial of the Drummond coal 
uring last season, but a few facts concerning the success with 
is used on the Quebec and Gulf Ports Steamship Company’s 
Secret” “ City of Quebec,” and “ Gaspé,” may not be out 
here. These steamers run from Quebec to Pictou, touching at 
aie des Chaleurs, and several other points on the Gulf of St. 
» The following information was obtained through Mr. A. P. 
Pictou, agent Q. and G. P. SS. Co., (to whom my thanks are due 
terest in this matter,) by sending blank forms to the engineers 
ferent steamers, including questions and suggestions, which forms, 
ed up with the requested information, were returned to me. 
including the questions, or adhering to the words of the origins! 
general abstract will be given of their contents. 


STEAMSHIP “ SECRET.” 
Form filled up and signed by Thomas D. Finegan, engineer 


ship ‘ Secret” is 622 tons register. Her engines are oscillating, 
iders 50 inches diameter, 54-inch stroke. Two boilers ; close 
return tubes. Working pressure of steam from 17 to 20 lbs. 
eamer has used Drummond coal about five months (Nov., 1869.) 
itity taken on board per trip is from 105 to 187 tons, and about 
re used per day. In comparison with other coals, Mr. Finegan 
“T have found in practice, 20 tons of best Welsh coal, in evapor- 
‘er, are equal to 27 tons Intercolonial (Drummond) coal, and 27 
rcolonial coal equal to 80 tons Scotch. All things considered, 
ather have Intercolonial coal.”” His further statements indicate :— 
1e opening between the grate-bars of the steamer-furnace are only 
> Linch apart, no slack is wasted by falling through the grate 
ied ; that the coal cakes but little on the grate ; that but little 

formed, but that what there is, is in sheets of some thickness; 

compared with the English and Scotch coals as used on the 
this coal gives “ considerably more” ash. In answer to the final 
: “Ts there anything else you can think of, either for or against 
% Mr. Finegan states: “ Intercolonial coal has given me good 
on, all things considered. I look upon it as good quality steam- 
saving so large an amount of ash occasions much extra work, but 
wre than compensated by the saving in grate-bars, which are no 
a of expense, and they last much longer with this coal, than when 
r many other) coals are used.” 
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STEAMSHIP “CITY OF QUEBEO.”’ 


Information received from Thomas Palaquie, engineer. 


Steamship ‘ City of Quebec” is 499 tons register. Engines oscillating, 
with two cylinders 57 inches diameter x 56 inches stroke. Two boilers 
with eight fires. Working pressure of steam, 18 lbs. 

The Druramond coal has been used on this steamer since 17th May, 
1869, (Nov., 1869.) The quantity taken on per trip is about 130 tons, 
and with eight fires and running at full speed, about 36 tons are used per 
day. 

The coal generally burns well, not falling to pieces when thrown on a 
hot fire, and not caking. It forms clinker in sheets, but this clinker does 
not stick to the bars, and the ash, which is white, is about twice the quan- 
tity produced by English or Scotch coal. 


STEAMSHIP ‘‘GASPE.”’ 


Form filled up and signed by John Campbell, engineer. 


The steamship * Gaspé” is of 231 tons register. She has oscillating 
engines (two cylinders 32 inches diameter x 3 feet stroke), and one 
tubular boiler. When this information was furnished (Nov., 1869), the 
Drummond coal had been used but two trips on this steamer. The quan- 
tity of coal taken in per trip stands as follows:—At Quebec, 70 tons 
Scotch; at Pictou, from 63 to 65 tons Intercolonial (Drummond) ; the 
amount of the last burnt per day, equalling about 12 tons. 

In comparison with other coals, Mr. Campbell states :— 

“T find that Intercolonial coal lasts longer than Scotch ; in proof of this: 
_ 4th trip from Quebec, 65 tons Scotch, 109 hours running time ; 4th trip 
up, 58 tons “ Intercolonial,” 118 hours running time ; 5th trip down, 62 
tons Scotch, 98 hours. You will see that we ran 118 hours with 58 tons 
Intercolonial, against 65 tons Scotch coal in 109 hours.” 

Further statements indicate that no inconvenience is felt from the slack 
falling through the grate, when the bars are properly pitched ; that the 
coal cakes on the grate when damp; that it forms whitish-brown clinker 
in sheets which does not adhere to the bars ; and that it leaves a consider- 
able quantity of yellowish-gray ash, which is “ sometimes nearly black.” 


PICTOU COALS ON OCEAN STEAMERS. 


For some months past, coals from the Acadia-West and Drummond 


88. ‘ City o- 
Oeebeo ° 


8.8. “ Gaspe,. 


Trials on the 
Allan Line of. 


collieries .have been used on the large ocean-steamers of the Montreal Stesmahips. 


Ocean Steamship Company (Allan’s line), on the homeward voyages from 
Montreal in summer and Portland in winter, to Liverpool and Glasgow. 
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The regular supply of coal has, I believe, been furnished by the Acadia 
colliery (Acadia steam-coal), though several thousand tons of Intercolonial 
(Drummond) coal have also been used. Through the kindness of Messrs. 
H. & A. Allan, I have been allowed to examine the reports of the engi- 
neers of a number of their steamers, concerning comparative trials of these 
coals (as supplied at Montreal and Portland), with the Welsh steam-coals 
supplied for the outward voyages, at Liverpool, and have permission 1 
include the more important results of these trials in this Report. The 
general result appears to be satisfactory, except in one particular, viz. :— 
the large amount of ash produced; but the inconvenience felt from this 
cause is in most cases counterbalanced by the small amount of sulphur in 
the coals, the absence of adherent clinker, and the consequent preservation 
of grate-bars. 

x Consumption, as compared with Welsh.—The record of comparative 
daily consumption of these and Welsh coals during some of the trials, is 
as follows :— 

1. S.S. “ Peruvian,” (Report Jan., 1869.) 

68 tons 10 cwt. Acadia = 50 tons 10 cwt. Welsh = 57 tons 1) 
ewt. mixture of the two coals =.124:100:115. 

2. S.S. “ Nestorian,” (Report Ist Feb., 1869.) 

68 tons Intercolonial = 55 tons Welsh = 123:100. 

8. S.S. “ Hibernian,” (Report 9th Feb., 1869.) 

62 tons Pictou (principally Intercolonial,) = 50 tons Welsh = 
124:100. 

4. S.S. “Nestorian,” (Report 17th Feb., 1869.) 

69 tons Intercolonial = 59 tons Welsh, (pressure of steam being 
as 18:25.) This (taking steam-pressure into consideration,) 
= 162:100. 

5. S.S. “Hibernian,” (Report 1st March, 1869.) 

58 tons mixed Acadia and Intercolonial = (estimated) 51 tous 
Welsh as received in Portland, or 48 tons as received in 
Liverpool = 121:106:100. 

6. 8.8.“ North American,” (Report has no date.) It states that 45 
tons of Acadia coals are consumed per day, being same consump- 
tion as with Welsh, but pressure of steam is 4 or 5 Ibs. less than 
with Welsh. If pressure of steam with Welsh = 25 lbs. (7), 
then ratio of Acadia and Welsh would = 118:100. 

7. S.S. “ Nestorian,” (Report of 28th March, 1870.) 

66 tons Acadia = 59 tons Welsh coal, steam-pressure being 
22%:25 Ibs. This indicates the ratio of 122:1-00, taking steam- 
pressures into consideration. 
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AVERAGB RATIOS OF DAILY CONSUMPTIONS, FROM ABOVE TRIALS. 


1. Welsh® to Acadia......... cus cece soso sos 100.0 : 121.3 Comparison 
2. ‘4 Intercolonial, including trial No. 4f........ 100.0 : 136.3 on and 
3 ‘© Intercolonial, rejecting trial No. 4.......,.. 100.0 : 123.5 
4. (4 mixture, Welsh and Acadia..............., 100.0 : 115.0 
5 “a Acadia and Intercolonial .......... 100.0 : 121.0 
6 4 Welsh as delivered in Portland....,........ 100.0 : 106.0 


Ashes and Clinker.—Mr. Flett, chief engineer of the S.S. Peruvian, 
in his Report of June, 1869, says :—‘‘ There is a large quantity of ashes 
from the Acadia coals, but little clinker, which enables us to clean the 
fires easily, as nothing sticks to the bars.” Mr. Dick, chief engineer of 
the S.S. Hibernian, says :— The fires are easily cleaned, that is, the 
clinkers do not stick to the bars, neither do they burn the bars.” The 
other engineers complain of more or less clinker from both Acadia and 
Intercolonial coal ; the Acadia, however, appears to give the least trouble in Ashandolinker- 
this respect. This is owing to the fact that the Intercolonial coal is the 
softest, and if not properly stoked would be inclined to clinker. The fact 
that some engineers burn these coals without clinker, is sufficient proof that 
it is possible to do so in every case. As I shall presently show, it is pro- 
bable that, if these coals are burnt with a fire, thin at the bridge, deep at 
the fire-door, with proper perforations in the door, (equalling at least 8 or 
10 square inches per square foot of door,) there should be no difficulty in 
keeping good steam, and avoiding the large flat clinkers which are com- 
plained of ; but attempts,to burn these caking coals on a thin flat fire such 
as is generally made in burning Welsh steam-coals, which are not inclined 
to cake, will never result in success. 

The amount of refuse from these coals in proportion to Welsh, is vari- 
ously estimated by the different engineers; the average seems to be, in 
buckets thrown overboard perwatch of four hours :—Welsh, from 15 to 
18; Pictou, from 35 to 45. 

Smoke, ete.—The only mentions made of smoke in these reports occur 
in the reportsof Messrs. Jack, of the Hibernian, and McMaster, of the 
Nestorian, both of whom complain that when urging the fires to get all the 
steam possible, large volumes of smoke and flame are seen coming from 
the funnel. I need hardly say that this manifestly results from an improper smoke. 
arrangement of the draught, and it would appear from this that no air is 
supplied above the fire, to assist in burning the volatile matters passing off 
from the coal in coking, previous to combustion. This must result in a 
great loss of coal, and can be partially remedied by the same change in 


* Welsh, ‘ best Welsh steam-coal, delivered in Liverpool.” 
t The low result of trial No. 4 is probably due to bad management of the coal, It is 
80 discordant with other results that I think it should be rejected. 
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anagement mentioned above, viz.:—proper stoking, and perforated doors. 
ais subject will be further considered under the next heading, paragraph 
Smoke consumption.” 


GENERAL REMARKS ON STEAM-TRIALS. 


The general result of all the trials above described has been to demon- 
rate the fitness of the coals used, for steam production, whether under 
itionary marine or locomotive boilers. As the result of each separate trial 
n be compared with similar trials of foreign coals, by reference to any 
ork on standard coals or engineering practice, it seems unnecessary 0 
ake any such comparison here. 

A few remarks on late experiments on the consumption of such coals, 
‘wever, may not be out of place, but though of very great importance 5 
r coal trade, a full discussion of the subject will not be practicable, 
thout extending this Report far beyond the limits to which it mux 
necessarily confined. A prejudice existed for a long period agains 
ing bituminous coals as steam-producers, especially in the Navy, on 
count of the large amount of smoke produced in burning them, and their 
# evaporative power, as compared with anthracites, or the so-called free- 
rning coals of the Welsh coal-fields. The heavy black smoke emitted 
m the funnel of a steamer burning these coals rendered them quite unfit 
* the use of ships of war, and in towns and cities became a serious 
isance. Their evaporative powers, as has already been stated, were 
yposed to be dependent on their content of fixed carbon, which eupposi- 
n seemed to be quite justified by practical experiments. . The most 
reful trials with the old style of furnaces failed to give them the value of 
> Welsh steam-coals, in proof of which I may cite the final results of the 
itish experiments (De la Beche and Playfair’s), in evaporative powers :— 


+++ 9.05 Ibs. 

. 8.37 * 
794 
«770 
. 758 


Average of 37 samples from Wales... 
“oo “4 Newcastl 
“ 28 “ «Lancashire. 
“8 “4 Scotland 
“8 “4 Derbyshire 






Of the above list of coals, the coals of the Pictou district approach nearer 
the Newcastle Hartley, or North Country coals than to any other class 
ll known, and it will be, therefore, of the greatest interest to show the 
inge of opinion which has taken place with regard to these coals within 
: last few years ; to mark how all the old prejudices have disappeared, 
1 to ascertain with what success these coals are now consumed as 
am-producers. 

To accomplish this object in the most direct manner, I cannot do better 
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than quote from the ‘ Report of a Committee appointed by the North of 

England Institute of Mining Engineers, to investigate the smoke question” Smoke con- 
(dated Oct. 24th., 1860.) After mentioning the causes that led to the 
appointment of this committee, they state :— 

“They (the Committee) cannot, however, forbear remarking that there is 
really very little left for them todo. A few years ago, in 1855, there was an 
impression that North Country steam-coal not on'y made smoke when 
burnt, but was of an inferior evaporative power to that of the so-called 
smokeless Welsh coal. Since then, on two subsequent occasions, this has 
been proved, most satisfactorily, to be an error. In 1856-7, experiments 
were made at Elswick, cortducted by Sir William Armstrong, Mr. J. A. 
Longridge and Dr. Richardson, which fully demonstrated that Hartley could Lake experi- 
give, without smoke, 12.9 lbs., and Welsh 12.35 lbs. of water evaporated 
_ from 212°, per pound of coal, in an ordinary marine boiler ; and in 1864, 
Mr. Miller, at the request of the House of Commons, made a series of 
experiments which proved again most satisfactorily that Hartley could 
give without smoke 10.68 lbs., and Welsh 10.18 Ibs. of water evaporated 
from 100 per pound of coal. Again, at Wigan, in 1867, Messrs. Fletcher 
and Dr. Richardson conducted a series of experiments proving most con- 
clusively that a bituminous coal, more difficulteven to manipulate in the 
fre than the coal of this district, can be economically and smokelessly 
consumed. All these results have been accomplished with the smallest 
possible alteration of the furnace and bars of ordinary marine boilers. 
Your Committee, therefore, have, from many and various sources, the 
highest authority for stating that, as far as experiments can do so, the 
question is practically solved, and more particularly in connection with any 
ordinary quality of round coal, and in Cornish or marine boilers of ordinary 
construction. It could hardly be expected that any further experiments 
would produce better or more conclusive results, or be attested by gentle- 
men of higher reputation and position. 
| * + * at + * + * + * # 

“ Believing, as they do, that the semi-bituminous steam-coal of this district 
. can be burnt without smoke, so as to give as high, if not a higher and more 
_Speedy evaporative power, than Welsh (as might be expected from its 
chemical composition), your Committee can by no means aver that this 
most important fact is comprehended by the great bulk of consumers ; but 
they are not of opinion that any further experiments in this direction are 
necessary, as 16 seems to them that data on this subject are so numerous 
already, that the public may be properly left to draw their own inferences 
thereon. 

“If your Committee were asked for the reason for so much incredulity 
on a subject so important to the interests of the Northern coal-owners, they 


Mr. Banning’s 
experiments. 


428 GEOLOGICAL SURVEY OF CANADA. 


would suggest that it, to a certain extent, arises from the fact that the | 


steamships built in the neighbouring ports are not, as a rule, by any means 
successful either in their attempts to prevent smoke, or to obtain the 
highest results from the coal of the district. These steamers, going from 
port to port, and from country to country, assist in advocating the views 
of those who refuse to recognise the value of the Northern steam coals, 
and your Committee regret that the boilers of these ships at least are not 
constructed 80 as to bear out the results so laboriously obtained at such 
great cost.””* 

Many of the statements in the above extract will apply with almost equal 
force to our own coals. It is scarcely possiblé that we shall obtain the 
very high results in evaporative power above indicated, from the Pictou 


coals, from the fact that the amount of ash in these coals almost invariably | 


exceeds that in the coals of the North of England ; but it is certain that 
with proper furnaces, the evaporative power of our coals may be materially 
increased, probably to the extent of from twenty-five to thirty per cent., and 
there seems no reason to doubt, that, in the matter of smoke, our coals may 
be as successfully burnt as those of the North Country. 

In this connection it will be interesting to examine into the success with 
which the Newcastle coals are burnt without smoke, and to this end, an 
abstract of the experiments of Mr. T. W. Bunning, of Newcastle-on-Tyne, 


on the steamer “ Weardale,”’ will most conclusively show the wonderfal ! 


improvements made from the results of the old system of burning the coals, 
by a very slight change in the furnaces and bars. A series of smoke-trials 
were made on this steamer with the ordinary furnace, fitted with grate-bars 


five feet long, and the exact amount of smoke produced by Hartley coal | 


was obtained by a method presently to be described. An alteration was 
then made in the furnaces, which consisted simply in shortening the bars 
to three feet six inches, and introducing an air-plate (of fire-bricks with 
open spaces between them, hung on iron bars), at the back of the fire. 
Underneath this air-plate was a flue, or open space, separated from the ash- 
pit of the furnace by acast-iron plate, carrying the brick forming the bridge 
proper of the furnace. This cast-iron plate was pierced with a hole giving 
communication between the ash-pit and air-plate flue, when open, and thus 
admitting air between the fire and the chimney, through the spaces between 
the fire-brick forming the air-plate ; or this hole could be closed by a shovel- 
full of ashes and cinder. Beside these simple alterations the furnace-doors 
were fitted with perforated flash-plates, through which the air was allowed 
to pass into the furnace, in front of the fire, but above the grate. After the 
alteration, another series of experiments was tried with the steamer, and 
with the most signal success. The results were published in the Transac- 
tions of the North of England Institute of Mining Engineers, and accom- 


* Transactions North of England Institute of Mining Engineers, vol. xviii, pp. 37-38. 
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pany a short paper by Mr. Bunning, a portion of which will subsequently 

be quoted. As it will be impossible to reprint in full, the tabulated results 

of these trials, it will be necessary to explain the method adopted (and 

now, I believe, agreed to as the standard by the Imperial Government), 

for estimating the exact amount of smoke produced by a given coal, con- 

sumed in the furnaces of any particular steamer. It is this :—Let the 

smoke issuing from the funnel of a steamer be noted every minute for an 

hour, upon a blank table, subdivided into minute-columns, similar to the table 

published with the Acadia coal-trial on the steamer “ St. Lawrence ”’ (Trial 

No. 2, of this Report). Letthe figure 1, placed in a minute-space, indi- Rule for estim- 
cate that the very faintest possible smoke, a mere indication of light- ating smoke 
coloured gas was visible ; 2, that this was increased, and so on to 6, indi- 

cating the densest black smoke. Having obtained these smoke-marks for 

an hour, the addition of them gives the smoke-equtvalent for that time. 

This understood, the extract from Mr. Bunning’s paper above referred to, 

will become intelligible to the reader. After referring to the tabulated 

record showing the smoke-marks for every minute during his experiments, 

he states :— 

“Tt will be seen that before the alteration, this smoke-equivalent Experiments on 
averaged 107.9 over 25 experiments ; that frequently, and for several die” Wear 
consecutive minutes, dense black smoke was issuing from the chimney, and 
_ that there was rarely any actual cessation from smoke; while after the 
alteration no smoke of greater intensity than 2, was ever visible, and this 
only nine times in eighteen hours, for a minute each time ; and that during 
_ the same eighteen hours the average smoke-equivalent was 7.7, each mark 
80 rarely exceeded 1. This indicates that the very faintest possible emoke 
was visible only for 7.7 minutes in each hour, no smoke whatever being 
visible for the other 52.3 minutes. It would be vain to look for, nor indeed 
can any better results be found, even when the best of the so-called smoke- 
less coals are burnt; for all practical purposes, therefore, good Hartley 
coal, as consumed in the Weardale, may be considered as smokeless as 
any other known coal. The plate* shows the alteration made to the fire- 
bars and bridge ; the former were reduced from 5 feet to 3 feet 6 inches. 

The doors were not changed, and those shewn are those used by the 
Admiralty, admitting air at the bottom.t 

“ The secret of burning the North Country steam-coal, and in factallother pute for bur 
good steam-coal, is to put it on as large as possible, as thick as possible, Colas eta: 
and to have as great a draft as possible, so as to burn off as large an °*" 
amount per square foot of grate-surface as possible.’’t 


eee 


* Published with Mr. Banning’s paper. 


That is, the bottom of the door; the air passing into the fire through a perforated 
flash- late, 


? “ On Experiments on the Weardale.” Trans. N.E. Inst, Mining Engineers, vol. xviii., pp. 
105 et seq. EK 


Farther trials 
and alterations 


Use of New- 
castle coal in 
the Navy. 


Experiments at 


Portsmouth 
1869-70. 


430 GEOLOGICAL SURVEY OF CANADA. 


Since these trials, which were carried out in the winter of 1868-9, 
farther experiments have been made by Mr. Bunning on the Weardale, 
and some slight alterations made, among which may be mentioned the 
placing of a door at the hole piercing the plate between the ash-pan and 
air-plate flue, which being moved by a bar extending to the front of the 
furnace, permits the admission of air, af will, behind the fire. Under date 
of 14th April, 1870, Mr. Bunning (to whom I am indebted for much 
information on this subject, which I would here gratefully acknowledge, 
writes me :— 

* We consider the Weardale, now perfect ; she makes absolutely no 
smoke, and keeps her steam well.” 

A proper discussion of the rationale of these experiments, and of 
their importance to our coal-trade, must be postponed to some future 
occasion. Much more might be said in favour of the use of steam-coals 
of the class under consideration, and it can be clearly proved, that, if 
properly burnt, they are at least as economical, as smokeless, and as easily 
stoked as any other class of coals. 

The experiments above quoted, in connection with Government trials 
made at Devonport, already mentioned, have produced a material change 
of opinion with regard to Newcastle coal, and it has now taken a position 
second to none, among coals for the Navy, where it is chiefly used in 
admixture with Welsh coal, and the testimony of the very highest 
authority, is that a very large saving has already been effected by its 
use. 

It is hoped that enough has already been said to call the attention of 
our coal-owners and consumers to the urgent necessity of practical trials 
of a similar character to those above mentioned. Such experiments 
could be carried out at a very trifling cost, on any steamers, without inter- 
fering with their regular voyages ; and though the great results of the 
North Country experiments might not be obtained, still, a great addition 
would be made to our knowledge of the coals, and that a very material 
improvement in the matter of steam and smoke would be made, cannot be 
doubted. 

I shall close these remarks, which have already exceeded the length 
originally assigned to them, by an extract from a circular of the Coal 
Trade Association of Newcastle-on-Tyne, just received from Mr. Bunning. 
It is of interest as showing the results of the very latest trials. 


RESULT OF EXPERIMENTS AY PORTSMOUTH, 1869-70. 


‘ À very comprehensive series of experimental trials have been carried 
out during the past twelve months on board Her Majesty’s steamers 
“Urgent”? and “ Lucifer,” at Portsmouth, with Welsh and North- 
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Country coal mixed, and burnt in two forms of furnace, for the purpose 

of ascertaining the best proportions in mixed coal, and form of furnace for 

the consumption of smoke. The trials have been carried out under the 
direction of Captain E. Rice, A.D.C. to the Queen, commanding the 
Steam Reserve at Portsmouth, and the superintendence of Mr. G. 
Murdock, Chief Inspector of Machinery to the Reserve ; and the results 

are considered to be so important, that orders have been issued from the 
Admiralty for the furnaces in the boiler-rooms of her Majesty’s ships Change of fur- 
to be altered according to the plan finally adopted in the trials as the best navy. 
for the consumption of smoke. When the comparative trials between the 
ordinary and the new form ef furnace commenced, the proportions of the 
mixed coal burnt were one-third North-Country and two-thirds Welsh ; 

but in all the later trials the coals have been burnt in equal proportions, 

and under these latter conditions less smoke has been emitted from the 
smoke-consuming furnace funnel than has been emitted from the funnel 

over the ordinary form of furnace, when the latter was burning the very 

best description of Welsh coal. The last three trials made on board the 
“Urgent ” afford conclusive evidence of the success of the new form of H. M. 8. “ur. 
farnace over the old. In the trial made on the 27th ult., both sets of 
furnaces were used, the coal burnt being Ferndale and Cowpen’s Hartley, 

in equal proportions. The report of this trial gave the following 
results : — 


New Furnace. Old Furnace. 


Bmoke........ ss sous vesosorvese 1.55 4.55 

Coal burnt per hour.......sccccssecccces 2,940 lbs. 3,294 Iba. 
Producing 

7.) Ree roses 23.14 32.75 

Soot.. ...sssonnonesress ss cons ssevessese 2.82 6.16 

Clinker... cccceccccccvcsene sessseveseses 35.08 25.00 


“The last two trials made were on the 2nd and [1th insts., the new 
furnaces only being used on the former, and the old furnaces only on the 
latter trial, the coal burnt in each instance being equal quantities of 
Powell’s Duffryn and Cowpen Hartley, with the following results :— 


New Furnace. Old Furnace. 


Coal burnt per honr..... PEPTTeTTTeT Tree 2,912 3,397.3 
Producing 

ASD. cc rccccnccccssccccecs POeeTeTerey 17.73 24.34 

Boot.......... eee c rw ee ccecs ce secccnccee 1.94 4.06 

Clinker... .cccccccscccccceccccsccscccs 81.0 40.6 


“ In these two trials, the new furnaces exhibited a saving upon the old, of 
14.28 per cent. in fuel, an increase of 7.56 per cent. in horse-power, and 
à positive gain in the consumption of smoke, of 21.84 per cent.” 


Requisites of a 
gas-coal. 


Gas-content. 


Quality of gas. 
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PRACTICAL TRIALS IN GAS MAKING. 


The most important requisites of a gas coal are :—1st. That it contains 
a large amount of volatile combustible matter (gas);—2d. That this vola- 
tile matter be of good illuminating power, and as free as possible from 
sulphur, and—3d. That the coke furnished by the carbonization of the 
coal be bulky, and at the same time firm, (2. e. not inclined to be granu- 
lar.) | 
The importance of the first requisite, will be evident to all. The per- 
centage of volatile matter in true coals usually employed in gas-making, 1s 
from 25 to 40 per cent., and in cannels it rises to 60 or 70 per cent. 

The true bituminous coals of this district which are now being worked, 
average, according to the latest analyses, as given in the first Section of 
this Report, about 28 or 29 per cent. of volatile matter ; the content of the 
hardest being 20.46 per cent., and of the softest being 38.84 per cent. 
The oil-coals, oil shales, and a single cannel range higher in gas-content, 
the stellarite reaching 68.38 per cent., and Lawson's cannel 41.18 per 
cent., which last figure is not, however, a high percentage of volatile mat- 
ter for a cannel. That the percentage of volatile matter, given by ana- 
lysis in the small way, is not always a true index of the value of a gas 
coal, will be seen by a reference to the analyses of the Foord-pit coal, 
which stands nearly at the head of the list of Pictou (true) coals, as a gas- 
producer. The percentage of volatile matter appears rather low in this 
case, in fact so much below what would be expected from so good a gas-coal. 
that I am inclined to suspect that the samples analysed in the small way, 
were not fair averages of the produce of this colliery. 

That the gas produced from the coal be of good illuminating power, 
is most important, will also be seen, though from the fact that the standard 
of illuminating power can easily be raised by the addition of a few per cent. 
of some rich cannel, or substance of the character of the stellarite, many 
coals, which produce gas of a low standard, but in large quantity, (if they 
coke well,) are often used as gas-coals. The stellarite has been used to 
raise the standard of illuminating power of gas from other coals ; as are 
also, torbanite, albertite, cannels, and many oil shales. To instance 4 
case of this kind, I may state that Mr. Thompson, of the Pictou Gas-works 
informs me that when using a coal giving per se 15-candle gas, he adds 


10 per cent. of Leshmahagow cannel, in order to raise the gas to the 
standard of 18 candles.* 





* The standard candle in testing gases, is of spermaceti, burning at the rate of 120 
grains to the hour. To compare the illuminating powers of gases, the light given bys 
standard burner burning five (5) cubic feet per hour of the gas uuder examination, is 
compared with the light of one of these standard candles, the result giving the candk- 
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The majority of the coals of the Pictou region furnish an excellent coke Coke. 
in the gas-retorts, if properly carbonised, as will be abundantly proven by 
the statements to be given below from some of the first gas-chemists of this 
continent. Statements have recently been published to the effect that 
coke from these coals is worthless. In a single case this may be war- 
ranted ; in the majority of cases it is not, as from a number of the coals 
I have seen most excellent coke made in the gas-retorts of the Pictou 
works. It is true that if the heat is not properly applied, the coke cannot 
be properly formed, and a few of these coals will never be successfully 
coked, but the testimony of our first gas-chemists, such as Buist of Halifax, 
and the engineer of the Boston Gas works, who have used many thousand 
tons of the coals, is that some of them furnish good merchantable coke. 

The greater number of the coals of this district will, I believe; compare 
favourably with those of any district of the world in regard to sulphur. 
A number of analyses in the first section show the sulphur-content of the 
different coals, which in most cases is considerably below 1.00 per cent. These 
determinations of sulphur may be compared with the following table, giving sulphur. 
averages of determinations of sulphur in a large number of the coals of 
Great Britain, from the analyses given in the reports of the British Admi- 
ralty Trials : — 


Per cent. 

Average of 37 samples from Wales. gave of sulphur....1.42 
“ 17 “ Newcastle, (6... 94 

a 28 ‘“  Lancasbhire, 4 ,,,.1.42 

a 8 « §cotland, wi. 1.46 

6 8 a“ Derbyshire. 4.1.01 


Further statements concerning the small amount of sulphur in Pictou 
coals, will be found in the extracts of letters from Messrs. Buist and 
Greenough, given below. 


GAS TRIALS AT THE PICTOU GAS-WORKS. 


Mr. Alex. Thompson, of the Pictou Gas-works, has used all the coals Gas trials at 
which have been worked to any considerable extent in this region, and he Pictou. 
has been kind enough to supply me with notes of his experience, from which 
the following tabulation has been eompiled. 


power of the gas. Thus if we suppose a gas burnt in a five-foot burner to give fifteen 
(15) times the amount of light farnished by one standard candle, the gas is said to have 
15-candle power or to be 15-candle gas. The standard of gas in our large cities ranges 
from 13 to 18-candle power. 
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PRODUCTION OF GAS, AND QUALITY OF GAS AND COKE, FROM VARIOUS COALS AT THE FICTOU 
GAS- WORKS. 


(FROM NOTES OF MR. ALEX. THOMPSON, MANAGER.) 





Be bee On 
an |à é 
= ad 
es |* |3 8 | 
Company shipped by, and name of ss a . 6 Remarks | 
9 ~ 3 . S e 
mine. ER FE: = 8 | 
© : 
2s | 4 ac f 
62 |82/383 Ss 
& a |A © 
Results of trials Guwerat MINING ASSOCIATION. 
at Pictou. Foord Pits, (1869 shipments.)| 8,000 | 18 85 | Good 
Albion (Old) Mines......... 7,700 | 16 | 84 “4 
Forster Pit................., 6,000 | 18 8 | Not good. Coke unsaleable. 
Dalhouste Pit............... 7,500 | 16 8 | Good. 
Cage Pit, (old shipments)... 7,800 | 17 #4 
ACADIA CoAL COMPANY. 
McGregor workings........ 7,000 | 14 | S | Fair. Coke firm, but salphurons. 
Fraser Mine, stellar coal. . 11.000 | 86 1......1... ........ Coke worthless. 
hale...... 8,000 | BO !......1.....,...... 
Acadia Colliery, west slope.| 7,000 | 18 & | Not good. Coke grannler. 
INTERCOLONIAL CoaL COMPARY. 
Drummond Colliery........ 7,700 | 15 % | Good. 
Nova Soomra Coat COMPANT. 
Nova Scotia slope........... 7,000 | 14 # | Fair Coke saleable. 
MONTREAL AND Prorov Coat Co. 
Montreal and Pictou pit....| 6,000 | 18} | 28 | Not good. 
Prorou Coat Mining Company. 
Marsh Colliery.............. 6,000 | 14 23 “ 


Of the coals named in the above list, that from the Foord pits appears to 
give the best result in gas-making, from its large gas-content, the high 
illuminating power of the gas, and the superior coke produced in its car- 
bonization. 

Value of the The Drummond coal, and the coals of the Old mines, Dalhousie and | 

“Aaron coals Cage pits, appear to stand next, the value of the other coals for gas pur- 
poses falling slightly below these. The stellarite and oil-shale of the 
Acadia mines are most valuable for mixing with the coals, to increase their 
illuminating power, but would not be of great value if used alone, for two 
reasons: because their cokes are worthless, (being merely a cinder, with 
but a few per cent. of fixed carbon, and therefore useless in heating the 
retorts); and because the gases produced in carbonizing them are too carbon- 
aceous for use with ordinary burners. Good coke is not only valuable to 
the gas-manufacturer as a merchantable product, but also is used for 
heating the retorts, and therefore cannels, and substances like torbanite, 
stellarite, and albertite, though producing a large amount of highly carbo- 
retted gas, are seldom used in gas-manufacture, except in mixture with 
coals furnishing a good coke. 

I shall now proceed to give such facts as it has been possible to procure 
concerning the value of the different coals of this district in gas-manufac- 
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ture, some of which facts have already been published, while others have 
been obtained by correspondence, and in one case a special trial has been 
made at the Pictou Gas- Works. 


COALS OF THE ALBION MINES. 


The following extracts are from letters by Mr. George Buist, Manager a:nion-stines 
and Chemist of the Halifax Gas Company, and Mr. W. W. Greenough, eval. 
Manager of the Boston (Mass.) Gas Company, in answer to letters from 
myself, soliciting information for this Report. The companies represented 


by these gentlemen, have been for years large consumers of the Albion 
Mines coal. 


LETTER OP MR. GEORGE BUIST. 
( Copy.) 
Gas Ornos, Hatirax, N.S., Feb. 24th, 1870. 
Edward Hartley, Esq., 
Dear Sirz,— 
I beg to acknowledge receipt of yours of 8th instant, makiag enquiries regarding 
Pictou coal. 
I think the following statement may be taken as giving the correct quantities of the Mr. Buist’s 
gas, coke and tar produced from one (1) ton of 2,240 lbs. letter. 
The quantity of gas will average about.............. 7,300 cubic feet. 
Iliuminating power, about .........ccesesesccceccce 154 to 16 candies. 
Weight of coke, about.......... ETES snnoronsoves 1,450 Ibs. 
Quantity of coal-tar, about...,...........e...es.e OF to 10 gallons, 
The sulphur in the Pietou coal is very much less than in any of the other Nova Scotia 


coals. The quality of the coke is very good indeed. ° ° ° ° 
I remain, 
Yours truly, 
(Signed,) GEORGE BUIST. 
LETTER OF MR. W. W. GREENOUGH. 
(Copy.) 


Osrics or Boston Gas Liaut Oomrany, 
No. 20 West Street, Boston, Feb. 7th, 1870. 
Edward Hartley, Esq., 
Dear Sin, — 
Your letter of inquiry of the 4th instant 
reached me e e e e e e + e 

We use the caking coals of Pictou and Cape Breton, in combination with richer coals. yr Greenougu's 
The proportions of these combinations are based upon experimental trials of each coal letter. 
separately. 

The best results in gas-making with the Pictou coals, are obtained by working the 
retorts at a cherry-red heat. One then gets from each ton of 2240 Ibs., 7280 feet of 
gas—of strong 15-candle illuminating power, with a yield of 1325 lbs. of coke of fair 
quality. Higher heats will give more gas of an inferior grade, and with a diminished 
value of coke. This coal contains but a small proportion of sulphur compounds, is 
easily purified, and may be safely stored without danger from spontaneous combustion. ® 

e a a 6 e e + + ® e 
Yours truly, 
(Signed,) W. W. GREENOUGH. 


* The rest of this letter refers to Cape Breton coals, and need not be quoted here. 


McGregor coal. 


al at New 
Tork, U. 8. 


Second trial. 
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I would take this opportunity to thank Messrs. Buist and Greenough 
for the above facts, and for other valuable information they have kindly 
given me. 

The statements in the following memorandum, sent me by Mr. Jas. 
Hudson, Chief Manager of the General Mining Association, are partially 
a repetition of the above facts :— 

6 Extract from letter of W. W. Greenough, Esq., Treasurer of Boston 
Gas Light Company, December, 1869. 

6 We have made no recent analysis of gas made from Pictou coal, but 
the experience of several years working shews a uniform result :—with 
cherry-red heats, of 33 cubic feet to the pound, of 15-candle gas ; with a 
condensation by bromine of 6.75 ; a specific gravity of 4.75; and the 
smallest per centage of sulphuretted compounds of any coal called cak- 
ing. Coke fair. Higher heats will give more gas,at the expense of the 
illuminating power of the gas, and the quality of the coke.’ ” 


McGREGOR COAL (ACADIA MINES). 


The following statements are from the published report of Mr. Jesse 
Hoyt, Manager of the Acadia Coal Company, 1866 :— 

‘On the 9th. of February, 1865, one ton of this coal, a mixture of both 
benches, was tested in the works of the Manhattan Gas Company, New 
York, with the following results :— 

66 ¢ One ton of 2,240 Ibs. yielded 9,500 feet of 13.03-candle gas, and 41 
bushels of coke, weighing 1,640 lbs. The coke is good ; it contains rather 
much ash, and makes some clinker, but it burns well, keeping up a good 


strong fire. The coal seems to deserve a trial on a larger scale, as it 1s | 


very readily carbonized, yielding a good volume of gas and coke.’ ” 
Analysis of the coal. 





Volatile matter... . ccccrccc cece ccc w sens corne es cosescccenes 32.0 

Fixed carbon........ wa cece c none twee cece cocon cose 59.3 

Ash uso sev cne cosmos sonores seen ess sens send cosesece 8.7 
100.0 


‘ A subsequent trial was made by the same company, but the result was 
not so favourable, as will appear by the following report :— 

66 6 One ton of 2,240 Ibs. yielded 9,500 feet of 13.34-candle gas, and 38 
bushels of coke, weighing 1,744 lbs. The coke is poor; it clinkers badly, 
and does not keep up the fire under the retorts. It requires 4 bushels of 
lime to purify a ton.’ ”’ 

Analysis of the coal. 


Volatile matter... ..6 cece cece cece cece rece ce cece sees ensecees 26.8 
Fixed carbon... cc esse cc ccs ctu a secs ce reas sccesccces 57.9 
D .) vost sonne snsncn sr ro ns css nsnnsssssesusess 15.3 








APPENDIX TO REPORTS ON THE PICTOU COAL FIELD. 43T 


Mr. Hoyt remarks that he believee the unfavourable result in the latter 
trial, to have been caused wholly by the admixture with the coal, of foreign 
matter from the shale-band or fire-clay parting, between the first and 
second benches of the McGregor seam.* 


DRUMMOND COAL. 


Through the kindness of Mr. Dunn, Manager of the Intercolonial Coal prummona 
Company, I procured a special gas-trial of three coals, from the three coal. 
upper divisions of the Acadia seam, as worked at the Drummond colliery. 

This trial was made under the superintendence of Mr. Alexander 
Thompson, Engineer and Manager of the Pictou Gas Company, at their 
works. ‘The samples were of two barrels each, and believed to be fair 


averages of the different beaches. They were marked and numbered as 
follows :— | 


opt 


Sample No. 1,—Top of seam, (2 feet 6 inches thick) left in the workings. 
No. 2,—From the fireclay holing, 2 feet up to the smooth parting. (Fall coal.) 


‘¢ No..3,—First bench. Below the holing, and 4 feet thick. 


The numbers of these samples correspond to the numbers of the divisions 


and analyses of this seam at the Drummond colliery, in Section I. of this 
Report. 


The following is a copy of Mr. Thompson’s Report :— 


Copy. 
(Cora) Gas Works, Pictou, NS. wr. Thompson's 
December 4th, 1869. Report. 
Edward Hartley, Esq., 
Geological Survey, 
5 SIR,— 

At your request I have carefully examined 
the contents of six (6) barrels of coal from the Drummond colliery, marked respectively 
Nos., 1, 2, and 3, with the following results :— | 


No. 1,—Yields at the rate of 7,000 cubic feet of gas and 32 bushels ot coke to the ton. 
No.2,— «i se ce 7,600 « “ rT 32 « ce és 


No. 3— « 4e 66 8,600 « Ts « 36 «Ct «6 « 

The gas has an illumivating power of 15 candles. The volatile combustible matter is 
such in amount and character as to promise well in gas-making. The coke is firm and 
of good quality, well adapted for heating the retorts in gas-making, and can thus 
take the place of coal for that purpose. 

Tan, Sir, 
Your obedient servant, 
( Signed,) ALEX. THOMPSON, 
Engineer and Manager. 


Beside their use as steam and gas-producers, several Pictou coals are 
sold extensively for various other purposes, among which may be mentioned, 
re-heating iron, blacksmithing and domestic purposes. The cokes of one 





* See Geological Report, Section 4, pp. 67-et seq., beds 71—73, See also page 96 of 
the same Report, and the first Section of this Report. 





Localities of 
iron ore. 


Specular iron 
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or two of the coals have also been, to a certain extent, successfully used in 
iron-smelting and founding. I am not at present able to furnish any exact 
data concerning the success with which they are used in rolling-mills ete., 
and no iron-smelting is at present carried on at any point near the Pictou 
district; but I am aware that in the Eastern United States, the coals are 
used in various forges and rolling, mills, with very good success, and I am 
assured by Mr. E. A. Jones, Manager of the Acadian Iron Works at Lon- 
donderry, Nova Scotia, that he has used Albion Mines coke in iron-emelting, 
and finds it better suited to this work than any other Provincial coal he has 
used. 

For domestic purposes these coals are well and favourably known ; they 
light easily in the grate and burn well and long with very little attention, 
except in the few cases where the content of ash is very large. 


ITT. 
TRON ORES OF PICTOU COUNTY. 


A number of localities are known in the vicinity of the Pictou coal-field, 
where ores of iron have been found. None of these have ever been 
developed to any extent; and the few trial-pits upon the deposits, afford 
very unsatisfactory evidence as to their size and value. The ores of 
Iron which have been recognized in this vicinity are ; specular iron, limonite 
or brown hematite, and spathose ores (crystalline carbonates of iron) ; 
besides the clay-ironstone, or argillaceous carbonate of iron of the coal 
measures. 

In the following paragraphs, mention is made of those localities only 
which I have personally examined, though a large number of others exist, of 
greater or less value. My field-work in this district was confined to the pro- 
ductive coal-field, except in the few cases where examinations beyond its 
boundaries were made at special request. The samples analysed, where 
no statements to the contrary are made, were taken by myself from the 
deposits, and are believed to be the averages of the ores. The analyses 
have been made in the laboratory of this Survey, by Mr. Broome. 


SPECULAR IRON. 


Several deposits of specular iron were examined ; these all occurred in 
a range of metamorphic rocks lying ten or twelve miles to the south of the 
coal field. The ore of the variety known as micaceous iron ore, was noted 
at Battery Hill, near Glengarry station, and proceeding east from this 
point at a number of localities near the line of the Provincial Railway, the 
range of rocks including it finally crossing this railway and the East 
River of Pictou, several miles above Springville. Of the age of this for- 





APPENDIX TO REPOBTS ON THE PICTOU COAL FIELD. 489 


mation, I cannot speak with certainty, but it is probably Upper Silurian ; the 

rocks consist of quartzites, of light and dark green, purplish, brown and 

black colours, and slates highly altered, generally of a black colour and 

giving a white streak. The quartzites are sometimes coarsely granular, Age ofinclading 
but as a rule, compact and fine grained. This formation appears quite ‘ 

distinct in lithological character from the series which has been described in 

the Reports of Sir William E. Logan and myself, as occuring near the 

Pictou coal field, at McLellan’s and McGregor’s Mountains, and at Waters’ 

Hill, and whieh are believed by Dr. Dawson to be of Devonian age. 

I have made no attempt to obtain fossils in these rocks, nor has any bed 
been observed likely to contain them, at the few localities examined ; but it 
seems probable that the fossiliferous beds mentioned by Dr. Dawson in posiliferons 
his Acadian Geology, (pages 568-570), as occurring near Springville, °° 
are included in this series. These beds, from which a large number of 
fossils have been collected by Mr. D. Frazer of Springville, are of un- 
doubted Upper Silurian age. 

The specular iron appears to exist in true fissure-veins, but of no con- 
siderable size, at any locality which I have seen. In many cases the rocks 
holding it appear to be much shattered, and the specular iron, with a com- 
pact granular quartz as a veinstone, appears to fill the fissures, which are 
often confined to a particular bed of rock, and sometimes so numerous that 
the entire bed contains a large per centage of the ore, and may be con- 
sidered as a single deposit. The most important deposit of this class which character of the 
I have observed, occurs on the west side of the East Branch of the East “°° 
River about three and a-half miles above Springville, on the lots of John 
McDonald and Archibald Thompson. Here the specular iron seems to 
exist over a considerable area, some portions being quite pure, but 
as the deposit is opened by two shallow pits only, it is impossible to state 
its size, or exact relations to the including rocks. The minor veins are 
often of several inches in thickness, and are included in a light greenish-drab 
granular quartzite, which they traverse in the most irregular manner. A 
sample of this ore was taken by me, which appeared to represent an 
average of what might be mined, provided all the larger lumps of quartzite 
taken out in mining were rejected. This sample gave on analysis :— 





Sesquioxide of iron...,...........sssesoonesseenessosesesese 65.14 Analysis. ; 
Silica....., cnet wee soso voce seenes soso es rseeoescenes 32.60 
Hygroscopic moisture. .......sssssoesessese ccccscecenssouse 91 
98.50 
Total amount of metallic iron....,............0. per cent. 45.60 
Specific gravity ...cccsccccccccccvccccesccaccesseses ccvees 4.607 


From the amount of silica present this ore would require a considerable 
amount of limestone as a flux, or it could be advantageously smelted 








Gozzans from 


these deposit. 


Analysis of a 
gozzan. 


Limonite. 
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with a calcareous sparry iron ore like that used for mixture with hem- 
tites at the Acadian Iron Works at Londonderry. The locality is 
well worth a careful exploration, as the deposit seems continuous, and of a 
considerable width. It is, in common with many other of these deposits, 
easily traced upon the ground, from the bright rust colour of the soil, and 
the presence on the surface of a large amount of partially decomposed ore, 
or gozzan, which is easily recognised. The appearance of this substance 
is very deceptive to the inexperienced eye, and I have frequenily had 
specimens of it brought to me, by parties who, from its uniform rust-red 
appearance, had been led to imagine it a very rich iron ore. Attention 
to its low specific gravity will often show how small an amount of iron it 
contains. The following is the result of a partial analysis of a sample of 
one of the best of these gozzans which I have seen. It was sent me from 
Rockland fulling-mills, on Middle River, by Mr. Robert Frazer, and in 
appearance was quite equal to some of the pure ochrey gczzans which are 
found in some other localities, but analysis shows-it to be merely a 
porous mass of granular quartzite, deeply stained with iron-oxyd. 





Sesquioxide of iron........ esse Occ cece rece ses cece 25.48 
Silica... e-ee rece ses See er ee oe 62.61 
Hygroscopic moisture cee wc none ence ener eee sene te 81 
Volatile at a red heat............., essence sons. 4.43 

93.33 
Amount of metalliciron...... ecco ee ccerevences per cent. 17.84 


‘, ° e e e a 
The remaining constituents were lime, magnesia and manganese, which 
were not determined. 


> 


LIMONITE OR BROWN HEMATITE. 


Numerous boulders of a very pure variety of limonite, have been found 
in the vicinity of Springville, on the East River, bnt so far as I can 
learn, the ore had not been found in place until Oct. 15th, 1868, 
when a bed was discovered, on James Frazer’s land, about 1% miles 
above Springville, (on the east side of the East Branch of the Kast 
River), by Mr. A. P. Ross, of Pictou, and myself, while visiting the 
locality. The only exploration we were enabled to make, was a shallow 
pit, sunk in a few-hours by one man, but this was sufficient to expose 4 
mass eight feet in thickness, of a pure limonite of the mammillary, stalactitic, 
and fibrous varities. It was overlaid by a close grained altered sandstone 
or granular quartzite of a light greenish-gray colour, and appeared to bi 
conformable to the stratification. The bottom of the bed was not exposed: 
it was hidden by a high drift bank ; neither was the deposit traced for an] 
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distance on the strike. Should it prove to be a persistent bed, it would be 
a most valuable deposit, as the ore isone of the purest known. No substance 


save the pure mineral was discovered in the bed, the roof appearing well 
defined. 


The following analysis is of an average specimen taken by myself. It 


will be observed that the silicious residue does not equal half of one per 
cent :— 


Sesquioxide of iron 





nn nn sono ns ce ecense reese snes 84.94 Analysis. 
Combined water... cceccccccccceccvcce cossceccenscccces 15.43 
Hygroscopic moisture .........s.ssssues sonores 92 
Silica, (insoluble residue)... . cs .ccececccccntecesssccece » 41 
101.70 
Amount of metallic iron.............s soso per cent. 59.46 


The rocks including this deposit appeared to belong to the same 


series as those further south, holding the specular iron deposits above 
described. 


BPATHOSE ORES. 


On the land of Neil McLaurin, about one and three-quarter miles spathose ore 
south-west of Sutherland’s bridge on Sutherland's river, a peculiar deposit isn. Merigom- 
of iron ore occurs, included in Indian-red and greenish-drab sandstones, 
apparently of the Millstone-Grit series. This ore, which I designate as 
spathose iron ore, appears to be a mixture of spathic iron, or crystalline 
carbonate of iron, and red hematite, or anhydrous peroxyd of iron, with but 
little impurity. The ore is seen in place, on the south bank of Suther- 
land’s brook, where it is exposed by a number of costeening-pits, and it 
has also been traced for about 100 feet west of the point where it was 
first opened, the strike appearing to be very nearly E. and W., and the 
atütude nearly vertical. 

Whether this deposit should be considered a bed or a vein, is still a gize of deposit. 
matter of uncertainty, but it appears to be comformable with the stratifi- 
cation. Its thickness, where exposed, varies from eleven to fourteen feet. 

Several attempts had been made to trace it farther westward at the time of 
my visit, but the pits sunk had failed {o penetrate the drift. That this deposit, 
if found to be persistent, would be of considerable value, may be judged 
from the following analyses. No. 1 is of a specimen from the outcrop, on 


Sutherland’s Brook, and No. 2, from a costeening pit, about 75 feet farther 
westward. 








Dr. Hunt’s 


opinion on the 


Spathose ore. 
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I. IT. 

Sesquioxide of iron......... 0 cee een encrcccaccncsnes 16.98 20.52 
Carbonate of iron............uo.ees soso 65.61 57.40 
Carbonate of manganese............... cocccccce 7.98 8.29 
Carbonate of lime,............. Sono cccnsccccce 2.67 4.02 
Carbonate of magnesia........ eee c en cecceecenes « 3.23 5.66 
Silica......... encres css msn ss esssasenee 3.16 2.38 
Hygroscopic moisture.............,..... ses .76 1.43 
Sulphur........ cececcccceccccccccncesssensenccs none. undet. 
Phosphorus... scccssccccsccnscavccescsacccucces .013 “ 

Organic matter. ............. cccccerccccscccsces trace. none. 





101.003 99.70 





Amount of metallic iron... .... ess. suc 43.56 42.07 


Dr. T. Sterry Hunt has kindly furnished me with the following note 
on these specimens :— 

‘6 The iron ores from Merigomish, Nova Scotia, consist of an admixture 
of red hematite and sparry carbonate of iron, with considerable mangs- 
nese and but little lime, magnesia and silicious matter, and they appear, 
moreover, from the results of their analysis, to be remarkably free from 
sulphur and phosphorus. Their composition is such as to make them very 
readily reducible with a small amount of fuel in the blast furnace, while 
the presence of manganese, and their comparative freedom from sulphur 
and phosphorus, should make them peculiarly well fitted for the production 
of steel, either by puddling or by cementation.” 


CLAY-IRONSTONE. 


A large number of bands of clay-ironstone were noted during my 
examination of the Pictou coal-field, but none of a size generally con- 
sidered workable. Some thirty years ago, however, a cross-cut was driven 
by the General Mming Association upon the measures underlying the Main 
seam at the Albion mines, and several beds of ironstone were intersected. 
No reliable record remains of their size and quality, and the attempts 
which were then made to smelt them are known to have failed, but 
whether from mismanagement, or from the poor quality of the ore, is not 
certain. 

At the present day these ores are better understood, and it would seem 
probable that some of these beds could be worked in connection with 
one of the seams, and smelted with some of the richer ores of the upper 
East River. 

E. H. 

MonTREAL, P.Q., 22nd June, 1870. 


NOTES 


On 


COAL FROM THE SPRINGHILL COAL-FIELD, 


COUNTY OUMBERLAND, NOVA SCOTIA, 


BY 


EDWARD HARTLEY, F.G.S., 
MINING ENGINEER TO THE GEOLOGICAL SURVEY, 


ment © semen 


In the month of June, 1869, I had the honour to present a Report to Sir 
William E. Logan, F.R.S., then Director of this Survey, giving the result 
ofa special examination of a box of coal samples, from the Main seam of 
the Springhill coal-field, County Cumberland, Nova Scotia. The facts 
contained in that Report are now included in the following paper, together 
with a few notes of interest concerning this important coal-field, which 
I have been able to obtain through the kindness of the Honourable Dr. 
Chas. Tupper, C.B., and M.P., for County Cumberland. 


EXAMINATION OF MAIN SEAM COAL. 


The samples of coal examined were taken from the Main seam of the Springhill Main 
Springhill coal-field, and were obtained at the “ Black Mine.” The “*" 
sample box contained about sixty pounds of coal (round and slack). 

An examination of the external character of this coal shows it to be a 
bituminous coal of a moderately compact texture, and not inclined to fall 
to pieces, or slack. Its colour is a bright brownish-black, brilliant, except 
on the faces of the partings, which show a few patches of mineral charcoal, 
But a small proportion of the sample shows a shaly lamination, or ten- 
dency to break with the planes of deposition. It has a tendency rather to 
break with the cleat and cleavage-planes, which are inclined to the 
deposition-planes at angles varying from 65° to 75°, and occasionally 
80°, giving irregular surfaces, known technically as crystalline faces. 

Four samples were taken for analysis:——I and II were two 
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averages of the whole box ;—III was a picked sample of the best (most 
compact) coal, and IV. was a specimen of the coal showing a shaly 
texture. The results of proximate analysis in the laboratory were as 
follows :— 


HARTLEY. 
I. IT. III. IV. 
Hygroscopic moisture ......- cee verse. » 1.21 98 .58 1.28 
Volatile combustible matter............ 33.08 36.52 33.27 35.66 
Fixed carbon........... ccccne teas teens 61.49 69.42 63.85 58-53 
Ash, (perfectly white)....,.........:9 4.22 4.08 2.30 4.53 





mas et aoe 





100.00 100.00 100.00 100.00 
Coke... soso meosrsssresesess cose 65.71 63.50 66.15 63.06 


Sample I was carbonized by a slow and careful application of heat ; but 
in treating II the heat was suddenly applied, and the carbonization effected 
as fapidly as possible. Analysis-I thus shows the smallest amount cf 
volatile matter obtainable from the coal, and II the largest. Determinations 
were made of the sulphur in sample I, with the following results : — 


| Per cent 

Total amount of sulphur in coal....... tonnes soso 0.225 

Amount of sulphur in ash, (as gypsum).................sesose 0.108 
“ “ a as iron pyrites, by difference.......... 0.117 


The analyses show this coal to belong to the class known as high; 
bituminous, or fat caking coals, in character very similar to those of th: 
North of England, known as North Country, or Newcastle-Hartley coals. 

The high rate of volatile to fixed combustible matter should render th» 
coal, in common with the Newcastle coals which it resembles, an admirabl 
gas-coal, while in the amount of sulphur it falls much below the averag 
of Newcastle coals (which contain about nine-tenths of one per cent, x 
determined by the Admiralty steam-coal trials) ; therefore the gas obtainei 
from it shouldbe very easily purified. 

The coke of this coal appears in every way well adapted for iron-smelting, 
as it is firm, and rather compact, and in content of ash and sulphur wi 
compare most favourably with that from any coal of the Provinces. This cok 
is much more easily formed and of a better quality than from the greate 
number of Provincial coals. As the amount of ash is a most important point 
in iron-smelting, it may be well to give the following data concerning the aa 
content of other coals for comparison. They are taken from Professor V. 
R. Johnson’s Coal Trade of British America, (page 126) in his comparisa 
of the Reports of the British and American Commissions, on coal trials :- 


Per cent. 
Average of ash in 30 British coals....,.....laboratory analysis 5.76 
“c WW 35 American coals...... “ «€ 7.76 
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Showing in favour of average Springhill coal as compared with British Comparison. 
coals, a balance of 1.61 per cent, and of 3°61 per cent., as compared with 
American, in ash-content. For comparison with coals of the other 
districts of Nova Scotia, it may be stated that Pictou coals average from 
T to 9 per cent. of ash ; Sidney (so far as published analyses show), from 
5 to 7 per cent., and Cumberland (Joggins) coal from 5 to 6 per cent. 

With regard to the use of this coal as a steam-producer, I would refer 
the reader to the article ‘ Remarks on the trials of steam-coals,” in my 
recent Report on the Coals and Iron ores of Pictou County. (This vol. pp. 

426 to 431) in which it is shown that coals of this class are now burnt 

with an evaporative power equal to that of the Welsh semi-anthracites, or Value as steam 
free-burning steam-coals. The remarks there made, calling attention to 

the importance of these trials to the Pictou coal trade, apply with greater 

force to the coal under consideration than to Pictou coals, on account of 

the nearer approach in character of the Springhill coal to those of New- 

castle. At the date of my original Report on the Springhill Main-seam 

coal, I was not possessed of any result of ultimate analysis, but attention 

was then called to the resemblance of the coals in proximate constituents, 

and the following analyses given: A—is an apalysis of Hartley coal from Comparison | 
Newcastle-on-Tyne. B—an average of a number of analyses of Newcastle Newoutle. 
coals (both A and B from the appendix to Richardson’s, Knapp’s Tech- 


nology) ; and C—an average of analyses I and IT of this paper; being of 
the Black Mine samples. 


A. B. C. 
Volatile matter, water included.......... 35.50 37.60 35.39 
Fixed carbon ...,.....,..... sovesccnce 60.50 57.00 60.46 
Asb.......... sens eerrErrererrrere rere » 4.00 6.40 4.15 


ma nn ae manne 


100.000 100.00 100.00 


Since the circulation (in manuscript,) of the original Report, I have 

_ received an ultimate analysis of this coal, by Dr. John Percy, F.R.S., of Analysis by Dr. 
the Royal School of Mines. This analysis was made by Dr. Percy some 

years since, for parties interested in the Springhill coal-field, the specimen 

analysed being a sample from the outcrop, of which the following proximate 

analysis is given :— 





Percy 

C oke 000 000900 00800 086000000008 0008 0 5e Seorecssse 64 94 
Volatile matter..............e Ce cece e nes nmonsstvssnssene 31:08 
Water. cccccccccccvccccceccccccccecsccetscvcccscccccccces 3.98 
100.00 


The small amount of volatile matter, and the large amount of water 
present in this sample, would lead me to believe that its quality was not | 
equal to that of the coal examined by me. 

FF 


Table of analy- 
ses. 


General re- 
marks. 


Intercolonial 
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The following table gives Dr. Percy’s analysis, and also analyses of the 
Newcastle coals used in the late British experiments on North Country 
coals, as noticed in the Report on Pictou coals, already referred to, the 
analyses of Newcastle coals being on the authority of the Reports of the 
British Commissioners in the Admiralty steam-coal trials. In these ana- 
lyses no account of the moisture in the coals appears, and it is to be pre- 
sumed that the samples of coal analysed were either dried before being 
treated, or that the amount of moisture was exceedingly small. There- 
fore, I have added a re-calculation of Dr. Percy’s analysis, based on the 
supposition that the sample of Springhill coal was dried, (or disregarding 
water.) Analysis 7, of the following tableis by Dr. Percy, of the coal 
from Springhill, including water, and 8 is the calculation from this analysis 
of the ultimate constituents of the dry coal. 


. Ba 
5 | *2 : 
to | & 
NAMES OF COALS. 2 & £ 5 . 
5 | Ka | £ | 4 | $ 
a 
a | 6 a < oS 
NEWCASTLE COALS. 
1. West Hartley Main........................ 5.29 9.2 1.18 2.61 | 69.20 
2. Hastinge Hart PA consent sens nensnesunes 5.42 8.05 1.85 2.94 wees 
8. Davison’s West Hartley.................... 6.81 4.22 1.88 5.84 | 69.49 
4, Original Hartley..........,.,,...,..,...,... 5.66 8.76 1.44 8.07 | 58.2 
6. Cowpen and Sidney’s Hartley 6.10 9.66 0.71 2.88 | 68-59 
6. Derwentwater Hartley ..................., 4.74 | 12.15 1.87 8.73 | 64.88 
SPRINGHILL COAL. 
7. Main coal, (outcrop) including 8.98 p. co. o 
WALEL. 0. scene cenocn ones smeneuunse 6.00 9.87 1.09 6.06 | 64.94 
8. Main coal, (dry)............................ 5.19 9.66 1.12 6.20 








GENERAL REMARKS ON THE COAL-FIELD. 


The Springhill coal-field is situated about twenty miles south-east of the 
Joggins shore, in County Cumberland, Nova Scotia. Whether it is to be 
considered a detached coal-field, or a portion of the great Cumberland 
coal-field of Nova Scotia, is still an open question, only to be decided by a 
careful geological survey. This region appears to warrant the most careful 
examination, from the fact that it is destined to become of the greatest 
importance to the Province, at no distant period. At present no active 
collieries of any extent exist in this coal-field, for want of communication 
with tide-water; but the completion of the Intercolonial Railway, 
(which will pass directly through some of the surveyed coal areas,) will 
effect communication not only with the Bay of Fundy, (at Amherst, about 


+ 22 miles distant), but with the Basin of Mines, Halifax, and many other 


points where the coal will be in demand; and no doubt a large amount 
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of the coal, or coke produced from it, will be consumed upon the railway. 
About thirty miles to the south of Springhill, the railway will pass through 
the property of the Acadian Iron Company, about two and one-half miles Acadian Iron 
from the Acadian iron mines at Londonderry, thus connecting this 
important district with the coal-field. The Acadian mines are so well 
known, from many published reports and descriptions, that it seems unne- 
cessary to give any description of them here, and in this connection it will 
suffice to say that the supply of iron ore of remarkably good quality thus 
brought in connection with a coal well adapted for smelting and puddling, 
seems, from all descriptions, to be practically almost inexhaustible. The 
main vein (on the authority of Messrs. Woodhouse and Jeffcock, Mining 
Engineers, of London,) has been traced for a distance of twelve miles 
from east to west, and it is stated that did the trade admit, numerous 
workings might be located thereon. The ore at the Acadian Iron works is 
at present smelted with charcoal, the iron produced being of the best 
quality, taking a rank in the English market, second only to the better 
brands of Swedish charcoal iron. 

The Springhill district may be divided into two sections—North and pivisions of the 
South Springhill. The Black Mine, from which the coal examined was °° 
taken, is situate in the South Springhill section, or on the southern out- 
crop of a coal-measure synclinal, the axis of which is -nearly in an east 
and west direction. Five coal seams have been discovered in this section, 
and their relations and thicknesses are stated to be as follows, in descending 
order :— 

Seam A—three feet in thickness. 

“© B—thirteon feet in thickness, lately discovered on the “‘ McFarlane Reams of Boat 
claim.” 

«  C— Main Seam ; eleven feet three inches in thickness, the coal 
of which has received especial attention in this paper. 

‘6 D—three feet in thickness. 

66 E--two 66 66 


The Report of the Provincial Inspector of Mines, for 1869 (page 22), 
states that the coal of all these seams is of excellent quality. 


MontrEAL, 28th June, 1870. 


APPENDIX. 
ON THE PLANTS OF THE MANITOULIN ISLANDS 


BY 


JOHN BELL, M.A., M.D. 


The plants whose names are contained in the following list, I collected during the 
summer of 1886,° while with my brother on a geological exploration of some of the islands 
of the Manitoulin group. The list is a very incomplete one of the flora of the district 
examined, as the collection of plants was made entirely subordinate to the proper work 
of the expedition. I, however, seised the opportunities afforded at various stations, from 
Owen Sound northward, to make notes of the local flora, and collect specimens, in order 
to ascertain the range of many plants in that in@resting region. 

Most of the plants were collected on Cockburn, Drummond and St. Joseph Islands, the 
geological survey of which was the object of the expedition. Some of the smaller islands 
were also touched at, and a visit to Gore Bay, on the north side of Grand Manitoulin 
Island, enabled me to obtain some rare specimens from that point, and from the interior 
of the island to the south and south-east of it. While detained a few days at Owen 
Sound, previous to starting, I collected plants in different directions, and found severa] 
rare species of ferns growing luxuriantly and in abundance on or near the limestone 
escarpment to the south-west of the town. A number of specimens were also obtained 
at the Bruce Mines, and in the vicinity, on two different occasions, 

The physical geography of the several islands mentioned above differs considerably, and, 
with it the vegetation. St. Joseph Island is, for the greater part of its extent, somewhat 
elevated, consisting, apparently, of sand and gravel, covered over with a thin layer of 
vegetable mould. The land rises gradually from the lake shore towards the middle of 
the island. Nearly in its centre, however, there is a depression, the bottom of which is 
occupied by a small lake. On the dry gravelly soil of St. Joseph Island a very heavy 
growth of hard-wood furest was found, consisting of beech, hard maple, hemlock, bass- 
wood, black and yellow birch, with a few rather scraggy white pines ; while on the lower 
ground they were almost replaced by black asb, cedar, balm-of-Gilead and aspen- 
poplar, balsam-fir, elm, mountain-asb, and many small and arborescent shrubs, The red 
elder was very conspicuous by its abundance and the profusion of its clusters of bright 
scarlet berries. From the circumstance that this island is immediately in the course of 
both the American and Canadian steamers and other vessels, large quantities of cord-wdod 
are now cut and sold to them. In the fature there is no doubt that the forests of this 
island will be of great value for fire-wood, if not for timber. 

A traverse across the island, from Hilton town-plot, on the north side, to Richardson’s, 
on the south, was made on the 25th July, so that the plants mentioned as having been 
found at these places, and in the interior of the island, were collected on that and the fol- 


oo 


* See Report by Mr. Robert Bell, page 109. 
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lowing day. The plants from the Bruce Mines were obtained on the 24th July and 28th 
August. We visited the small island at the east end of St. Joseph on July 28th, and 
Hay Point, on the south side, on the 1st September. 

Drummond Island, the next to the east of St. Joseph, by a northward curve in the inter- 
national boundary line, is included in the territory of the United States. The level of this 
island is lower than that of the others, and the land is, in a large extent, flat and marsby, 
the trees being for the most part emall balsams, tamaracks, and spruces. On the north 
side the island is more hilly then on the south, and on that side heavier forests are met 
with than on the south, the prevailing trees being hard maple, beech, basswood, iron-wood, 
balsam-fir, poplar and white cedar, with some white pine. In some places the flat lime- 
stone rocks come to the surface, and support only a sparse, stunted growth of firs, with 
patches of moss and lichen between; while in others a dense thicket of firs and sbrabs 
covers a swamp or borders a rivulet. 

The plants obtained from the south-west corner of Drummond Island were collected 
between the 31st July and 2nd August, and those from the south-east corner on the 4th 
August ; while the collections from Sidgrave Cove, on the north side of the island, were 
made on the 9th August, and those frem Vermont and Medford Harbours, on the north- 
west part, on the 30th and 31st August. 

From the lake the aspect of the land on Drummond and Cockburn Islands is quite dif 
ferent. High land, covered with hard-wood, runs through the centre of Cockburn Island, 
which lies between Drummond and the Grand Manitoulin, having on the west side of it 
the False Detour Channel, and on the east the Straits of Mississagui. Towards the shore 
of the island, firs are most numerous. The whole of the forest on this island is much 
heavier than that of its more level neighbour. The eastern side of the island is undulat- 
ing or hilly, the valleys running in a south-westerly direction. The most notable charac- 
teristic of the forest on this island is the quantity of red pine (Pinus resinosa) which 
occurs init. Few of the trees seen of this species were very large, but in places they are 
very numerous (particularly in the bay to the east of the south-west point of the island), 
and large enough for making into timber for frames of houses. 

Collections of plants were made in this island at the following dates :—South-west 
point of the island, August 6th; interior and north part of the island, August 6th and 
7th; Thompson’s Point, August 11th; Sandy Bay, north side, August 13th; McLeod's 
Harbour and Huronia Point, on the east side, August 21st; Little Cockburn Island, in 
the False Detour Channel, August 5th. 

Cape Smyth, at the east end of the Grand Manitoulin Island, was visited on the 17th 
July, and Gore Bay, on the north side of the same island, on the 15th August. The for- 
est south of Gore Bay resembles very much that of Cockburn Island. A good many 
white-pine trees were seen to the south-west of Gore Bay, and red pine occurs towards 
Lake Kagewong, and also at the west end of the island. Fires have passed through a 
large extent of the woods to the south and south-east of Gore Bay, killing the trees and 
causing them to fall. Lying across one another, two or three deep, the interspaces filled 
up with brushwood and a rank growth of willow-herb (Epilobium angustifolium), which 
always abounds in these brudés, these bare and charred trees form an almost impassable 
barrier to the explorer. The marsh at the foot of Gore Bay, and the high cliffs on its 
eastern side, afforded a number of rare plants. 

Mississagui Island is small, flat, and sandy, with two marshy ponds in its centre, and 
lies to the north of the straits of the same name. Part of it is covered with trees, and 
the rest is made up of sand-reaches partially covered with vegetation. It was visited on 
the 22nd July. 

‘William Island of the cbarts (locally known as Whisky Island), at the mouth of 
Wequemakong Bay, east end of Grand Manitoulin, was touched at on July 18th and Sep- 
tember 15th. This island, like many in the neighbourhood, is low and flat, and is all 
wooded, with the exception of an open sandy space et its western extremity, on which I 
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found several unusual species of plants, and which, from the bones scattered over its 
surface, may have been an Indian burying-place. 

In these remote settlements the growth of foreign weeds seems to keep pace with the 
settlers, and even to outstrip them in their advances into the forests. This is to be 
regretted, as much might be done, by careful selection of seed-grain and other means, to 
exclude many noxious weeds from these new and isolated settlements. 

ToProfessor Asa Gray, of Harvard University, I am much indebted for his kindness in 
determining the species of several of the plants in the following list :— 


19, 
20. 


21, 


22. 


RANUNCULACES. 


. Clematis Virginiana, L.—South of Gore Bay, Grand Manitoulin Island. 
. Anemone multifida, DC.—Drummond Island. 


a Virginiana, L.—S. W. extremity of Cockburn Island, and at Sandy Bay, on 
the north side, Gore Bay, Grand Mnitoulin Island. 

6 Pennsylvanica, L.—Owen Sound, Mississagui Island, Bruce Mines, middle of 
St. Joseph Island, S. W., orner of Cockburn Island, 
Sidgrave’s Cove, Drummond Island, Gore Bay. 


. Hepatica triloba, Chaix.—McLeod'’s Harbour, E. end Cockburn Island, Vermont 


Harbour, Drummond Island. 
“6 acutiloba, DC.—Owen Sound. 


. Thalictrum Cornuti, L.—Owen Sound, Mississagui Island. 
. Ranunculus aquatilis, L., Var. divaricatus, Gray.—Owen Sound, Sandy Bay, N. side 


of Cockburn Island, Gore Bay. 

a Flammula, L., Var. reptans, L.—Whiskey, or William Island, E. end of 
Grand Manitoulin Jsland, Mississagui Island, E. end of 
St. Joseph Island, Drummond Island, Gore Bay. 


se sceleratus, L.—Owen Sound, 
a recurvatus, Poir.—Owen Sound. 
ue Pennsylvanicus, L.—Little Current, Brace Mines, tentre of St. Joseph 


Island, S.W. corner of Cockburn Island, Gore Bay. 
6 repens, L.—Owen Sound, Sidgrave's Cove, Drummond Island, Gore Bay. 
de acris, L.—Bruce Mines. 


. Caltha palustris, L.—Owen Sound, border of the lake in the centre of St. Joseph 


Island, Cockburn Island, Drummond Island. 


. Coptis trifolia, Salisb.—Hilton Village, or Town-plot, St. Joseph's Island, McLeod's 


Harbour, Cockburn Island. 


. Aquilegia Canadensis, L.—-0 wen Sound, Sidgrave’s Cove, Drummond Island, McLeod’s 


Harbour. 


. Actæa spicata, L., Var. rubra. — Owen Sound, Hilton Lake, centre of St. Joseph 


Island, Cockburn Island, Drummond Island. 
Var. alba.— Owen Sound. 


NYMPHÆACEÆ. 


Nymphæa odorata, Ait.—Sandy Bay, Cockburn Island. 
Nuphar advena, Ait.—Owen Sound, Drummond Island, Thompson Point, N. side of 
Cockburn Island, McLeod's Harbour. 


SARRACENIACEÆ. 
Sarracenia purpurea, L.—Drummond Island, McLeod’s Harbour, Cockburn Island. 


PAPAVERACES. 


Sanguinaria Canadensis, L.—Centre of St. Joseph Island. 
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FUMARIACEX. 


23. Adlumia cirrhosa, Raf.—Gore Bay. Growing thirty feet bigh. 

24. Corydalis aurea, Willd.—Cockburn Island, 8.W. corner ; and at McLeod's Harbour, 
E. end. 

25. “ glauca, Pursh.—Richardaon’s, south side, St. Joseph Island, 8. W. corner 
and McLeod’s Harbour, Cockburn Island, Sidgraves 
Cove, Drummond Island. 


CRUCIFERX. 


26. Nasturtium officinale, R. Br.—Owen Sound. Of large sise, and growing in great 
quantities in a spring brook. 

3". «6 palustre, DC.—Owen Sound, Whiskey Island, Missassagui Island, Brace 
Mines. 

28, Dentaria diphylla, L.—Owen Sound. 

29. Cardamine pratensis, L.—Whiskey Island. 

30. a hirsuta, L.—Cockburn Island, Owen Sound. 

31. Ærabts lyrata, L.—Cockburn Island. 

32. Turritis glabra, L.—Whiskey Island. 

33. «~~ stricta, Graham.— Whiskey Island, Mississagui Island. 

34. Barbarea vulgaris, R. Br.—Mississagui Island, Richardson's, 8S. side of St. Joseph 
Island, Cockburn, Drummond, and Whiskey Islands. 

35. Sisymbrium officinale, Scop.— Owen Sound. 

36. “ canescens, Nutt.—Whiskey Island. 

37. Lepidium Virginicum, L.—Owen Sound, Whiskey Island, Little Current. 

38. Capsella bursa-pastoris, Moench.—Owen Sound, Bruce Mines. 

39. Cakile Americana, Nutt.—Cockburn Island, S. W. point, and McLeod’s Harbour. 


VIOLACEZÆ. 


40. Viola blanda, Wild.—Middle of St. Joseph Island, McLeod’s Harbonr, Cockburn 
Island. ; 

41. “  Selkirkii, Goldie ?—McLeod's Harbour. 

42. “ cucullata, Ait.—Owen Sound, St. Joseph Island, Cockburn Island, Gore Bay. 

43. 4  rostrata, Pursh ?—Ovwen Sound. 

44. “  Muhlenbergii, Torr.--McLeod’s Harbour. 

45. ‘“ Canadensis, L.—Owen Sound, centre of St. Joseph Island. 

46. ‘ pubescens, Ait.—Owen Sound, Gore Bay, Vermont Harbour, Drummond Island. 


- DROSERACEÆ. 


47, Drosera rotundifolia, L.—Drummond Island, S.W. point, and McLeod’s Harbour, 
Cockburn Island. 
48. «“ Jinearis, Goldie. —In same localities as last. 


PARNASSIACE&, 


49. Parnassia palustris, L.—Drammond Island. 
50. Uaroliniana, Michx.—McLeod's Harbour, Cockburn Island, Drummond 
Island. 


HYPERICACEÆ. 


51. Hypericum mutilum, L.—Mississagui Island, E. end of St. Joseph Island, Vermont 
Harbour, Drummond Island. 

52. «e Kalmianum, L.—Whiskey, Mississagui, Cockburn and Drummond Islands" 
Common on the shores. 
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53. Elodea Virginica, Nutt.—Mississagui Island, marsh near a small lake in the middle of 
St. Joseph Island, Thompson Point and MoLeod 
Harbour, Cockburn Island. 


CARYOPHYLLACEZ. 


54. Silene antirrhina, L.—Mississagui Island. 

55. “ soctifora, L.—Bruce Mines, Hilton Village. 

56. Agrostemma Githago, L.—Richardson's, S. side of St. Joseph Island. 

57. Alsine Michauxii, Fenzl.—Drummond Island, S.W. point, and McLeod's Harbour, 
| Cockburn Island. 

58. Arenaria serpyllifolia, L.—Owen Sound, Sidgrave Cove, Drammond Island. 

59. Stellaria longifolia Mubl.—Centre and S. side of St. Joseph Island. 

60. “© borealis, Bigelow.—Richardson’s, St. Joseph Island. 

61. Cerastum viscosum, L.—Bruce Mines, Hilton. 

62. “e arvense, L.—Drummond Island. 


 TILIACEZ. 


63. Tilia Americana, L.—Owen Sound, centre of St. Joseph Island, Cockburn Island, 
N. side Gore Bay, Vermont Harbour, Drummond 
Island. 


OXALIDACEZ. 


64. Oxalis acetosella, L—Owen Sound. 
65. “ stricta, L.—Owen Sound. 


GERANIACES. 


66. Geranium Robertianum, L.—Owen Sound, Whiskey Island, Bruce Mines, Drummond 
and Cockburn Islands. 


BALSAMINACEÆ. 


67. Impatiens fuloa, Nutt.—Mississagui, Drummond, Cockburn and St. Joseph Islands, 
Gore Bay. 


* ANACARDIACES. 


68. Rhus typhina, L.—Cape Smyth, E. end of Grand Manitoulin Island, Whiskey Island 
S.W. point, and McLeod’s Harbour, Cockburn Island ; 
Mississagui and Dram mond Islands. 

69, “ Toxicodendron, L., Common.—Oape Smyth, McLeod's Harbour, Whiskey 
Island, Missiesagui Island, 8,W. points of Drummond 
and Cockbarn Islands. 

70. “ aromatica, Ait.—Whiskey Island. Some years ago I collected this plant on 
Wolfe Island, opposite Kingston. 


RHAMNACEÆ, 


71. Rhamnus ainifolius, L'Her.—Drummond Island, Thompson Point and McLeod’s Har- 
bour, Cockburn Island. 

72. Ceanothus ovalis, Bigelow—Gore Bay, Grand Manitoulin Island.—Growing abun- 
dantly near the edge of the cliff on the E. side of the 
bay, near its mouth. 


CELASTRACEÆ. 
73. Celastrus scandens, L.—Owen Sound. 
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SAPINDACES. 


74. Acer Pennsylvanicum, L.—Hilton, S.W. of Cockburn Island, Gore Bay, Vermort 
Harbour. 

75. ‘“* spicatum, Lamb.—Owen Sound, Hilton, Cockburn Island, Gore Bay. 

76. ‘* saccharinum, Wang.—Owen Sound, Hilton, Cockburn Island, Gore Bay, Ver 
mont Harbour. 

71. ‘ rubrum, L.—Centre of St. Joseph Island, E. end of same island, S.W. point of 
Cockburn Island, Gore Bay. 


POLYGALACEÆ. 


78. Polygala Senega, L.—Drammond Island, S.E. corner. 
79. ‘4 polygama, Walt.—Drummond Island. 
80. 6 paucifolis, Willd.—Cockburn and Drummond Islands. 


LEGUMINOSÆ. 


81. Trifolium pratense, L.—Cockburn Island, Owen Sound. 

82. “ repens, L.—Owen Sound, Bruce Mines. 

83. Astragalus Canadensis, L.—E. end of Manitoulin Island. 

84. “6 Coopert, Gray.—Whiskey Island, Gore Bay. 

85. Lathyrus maritimus, Bigelow.—Hilton, Mississagui Island. 

86. palustris, L.—Owen Sound, E. end of Grand Manitoulin Island, lake in the 
middle of St. Joseph Island, Sidgrave Cove, McLeod’ 
Harbour. 

87. ( myrtifolius, Muhl.—Cockburn Island, Gore Bay. 

88. Amphicarpæa monoica, Nutt.—Owen Sound. 


ROSACEÆ. 


89. Prunus Americana, Marsh.—Whiskey Island. 

90. ‘ pumila, L.—Common on the shores of Whiskey, Mississagui, Drummond ant 
Cockburn Islands. 

91. «5 Pennsylvanica, L.—Mississagui Island, Hilton, Whiskey Island, S.W. point 
and McLeod’s Harbour, Cockbarn Island, Sidgrav: 
Cove. 

92. oo‘ Virginiana, L.—St. Joseph, Drummond, Mississagui, Cockburn, and Whisker 
(or Wiiliam) Islands. 

93. Spirsæa opulifolia, L.—Wbiskey, Mississagui, Drummond, and Cockburn Islands. 

94. “  salicifolia, L.— Mississagui Island. 

95. Agrimonia Eupatoria, L.—Owen Sound, E. end of St. Joseph Island. 

96. Geum album, Gmelin.—Owen Sound. 

97. “ strictum, Ait.—Owen Sound, Mississagui and Whiskey Islands, Hilton. 

98. “ rivale, L.—Owen Sound. 

99. Waldsteinia fragarioides, Tratt.—Cockburn Island and Gore Bay. 

100. Potentilla Norvegica, L.—Owen Sound, Mississagui Island, Hilton, Drummond an: 
Cockburn Islands. 

101. (  anserina, L.—Owen Sound, Whiskey Island, Mississagui Island, Bruc: 
Mines, W. side of Drummond Island, Hilton, Cockbur: | 
Island, Sidgrave Cove. 

102. “  fruticosa, L.—Drammond and Cockburn Islands. 

103.  ‘ palustris, Scop.—Mississagui Island, Bruce Mines, Drummond Island, W. 
side of Sidgrave Cove, Thompson Point. 

104. Fragaria Virginiana, Ehrhart.—Hilton, Mississagui Island. 

105. ‘  vesca, L.—Owen Sound, Ricbardson’s, St. Joseph Island. 
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Dalibarda repens, L ?—Gore Bay. Only the leaves could be found. 
Rubus odoratus, L.— Middle of St. Joseph Island. 
6 triflorus, Richards.—Hilton, Owen Sound. 
«strigosus, Mich.—Owen Sound, Mississagui Island, Bruce Mines, Hilton, Cock- 
barn and Drummond Islands. 
«occidentalis, L.—Owen Sound. 
‘4 villosus, Ait.—Owen Sound, Mississagui Island, Bruce Mines, Hilton: 
Rosa Carolina, L.—Whiskey Island. 
‘¢ lucida, Ehrhart.—Cape Smyth. 
“© blanda, Ait.—Mississagui Island, Cape Smyth, Whiskey Island, centre of St. 
Joseph Island, Drummond and Cockburn Islands. 
« stricta, Lindl.—Whiskey Island. 
Crategus crus-galli, L.— Whiskey Island. 
Pyrus arbutifolia, L.—Border of the lake in the centre of St. Joseph Island, Thomp- 
son Point, Cockburn Island. 
“Americana, DC —Hilton, middle of St. Joseph Island, S.W. point of Cock- 
burn Island. 
Amelanchier Canadensis, Torrey & Gray.—Beside a lake in the middle of St. Joseph 
Island, S.W. point of Cockburn Island, Sidgrave Cove, 
Whiskey Island. 


ONAGRACEZÆ. 


Epilobium anguatifolium, L.—Very common and luxuriant throughout these islands, 
Owen Sound, Mississagui, Whiskey, Drummond and 
° Cockburn Island, Bruce Mines. In the brulés or burnt 
woods S. of Gore Bay this plant grew to the height of 
six or seven feet, and was so rank and in such quanti- 
ties as to make walking exceedingly difficult. 
a“ coloratum, Muhl.—Gore Bay, W. end of Drummond Island, Hilton, 
Cockburn Island, Bruce Mines, Sidgrave Cove. 
Œnothera biennis, L.—Owen Sound, Cape Smyth,} Whiskey and Mississagui Islands, 
Sidgrave Cove, S.W. point of Cockburn Island. 
« pumila, L.—Mississagui Island. 
Ludwigia palustris, Ell.—Owen Sound. 
Circa alpina, L.—Owen Sound and Hilton. 
Myriophyllum spicatum, L.—Sandy Bay. 
Hippuris vulgaris, L.—Gore Bay, Vermont Harbour. 


GROSULACEÆ. 


Ribes Cynosbati, L.—Owen Sound. 
«  hértellum, Michaux.—Mississagui, Oockburn and Drummond Islands, Gore Bay, 
sé lacustre, Poir —Owen Sound, middle of St. Joseph Island, S.W. point, and 
McLeod’s Harbour, Cockburn Island, Gore Bay. 
“ prostratum, L'Her.—Owen Sound, Gore Bay. 
1% floridum, I,.—Owen Sound, Gore Bay. ‘ 
“ rubrum, L.—Gore Bay, Hilton, Owen Sound. 


SAXIFRAGACES, 


Mitella diphylla, L.—Owen Sound. 
6  nuda, L.—Owen Sound, Hilton, Drummond Island. 


Tiarellu cordifolia, L.—Owen Sound. 
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UMBELLIFERÆ. 


137. Hydrocotyle Americana, L.—Hilton. 

138. Sanicula Marilandica, L.—Owen Sound, Sidgrave Cove. 

189. Heracleum lanatum, Michx.—Mississagui Island. 

140, Pastinaca sativa, L.—E. end of St. Joseph Island, W. side of Drummond Island. 

141. Cicuta maculata, L.—Mississagui Island, S.W. part of Cockburn Island, Sidgrare 
Cove, Vermont Harbour. 

142. Osmorrhiza longistylis, DO.—Owen Sound. 

143. a brevistylis, DO.—Owen Sound, St. Joseph Island. 


ARALIACEÆ, 


144, Aralia racemosa, L.—Very rank in the middle of St. Joseph Island, Vermont: Har- 
bour. 

145. ‘ hispida, Michx.—Mississagui Island, centre of St. Joseph Island, W. side of 
Cockburn Island. 

146. “ nudicaulis, L.—Owen Sound, Hilton, S.W. corner of Cockburn Island, Sid. 
grave Cove, Vermont Harbour, Cape Smyth, Manitou- 
lin Island, E. end. 


CORNACES. 


147. Cornus Cunadensis, L.—Owen Sound, Mississagai [sland, Brace Mines, Hilton, Gore 
Bay, Drummond and Cockburn Islands. 

148. “ circinata, L'Her.—Hilton, W. side of Drummond and Cockburn Islands, 
Sidgrave Cove, Gore Bay. 

149. “sericea, L.—Small island at E. end of St. Joseph, McLeod’s Harbour. 

150. “ stolonifera, Michx.—Owen Sound, Whiskey and Mississagui Islands, W. sides 
of Drummond and Cockburn Islands, Sidgrave Core, 
McLeod’s Harbour, Thompson Point, Gore Bay. 

151. “ alternifolia, L.—Gore Bay, Owen Sound. | 


CAPRIFOLIACE 2. 


153. Linnea borealis, Gronov.—Mississagui Island, Bruce Mines, W. sides of Cockbun 
| and Drummond Islands, interior of St. Joseph Island. 
163. Symphoricarpus racemosus, Michx.—Cape Smyth, cliffs on the E. side of Gore Bay, 
Cockburn Island. 

154. Lonicera parviflora, Lam.—Owen Sound, Mississagui Id., W. side Drummond ari 
Cockburn Isds., McLeod’s Hbr., Sidgrave Cove. 

155. “hirsuta, Eaton.—Sidgrave Cove, Owen Sound, Mississagui Id. 

156. a ciliata, Mubl.—Owen Sound, Little Cockburn Id., Hilton, Thompson Pi, 
McLeod’s Hbr, and W. side Cockburn Id. 

157. 4 oblongifolia, Muhl.—Thompson Pt., Sidgrave Cove. 

158, Diervilla trifida, Moench.—Owen Sound, Cape Smyth, Mississagui Id., Bruce Mines, 

VŸ lake in centre of St. Joseph Id., McLeod's Hbr., ard 

8.W. corner Cockburn, Sidgrave Cove. 

159. Triosteum perfoliatum, L.—Owen Sound. 

160. Sambucus Canadensis, L.—Owen Sound. 

161. ‘¢ pubens, Mich.—Owen Sound, Hilton, and throughout St. Joseph Id., being 
very abundant in some parts of the interior. 

162. Viburnum opulus, L.—Gore Bay, Whiskey Isd. 
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RUBIACES. 


163. Galium triflorum, Michz.—Owen Sound, Mississagui Id., Bruce Mines, interior St. 
Joseph Id. 
164. Mfifchella repens, L.—Owen Sound. 


DIPSACEZÆ. 
165. Dipsacus sylvestris, Mill. — Woodstock. 


OCOMPOSITÆ. 


166. Eupatorsum purpureum, L.—Mississagui Id., interior and S. point St. Joseph Id. 
various places in Cockburn and Drummond Ids. 
perfoliatium, L.—Owen Sound, Whiskey Id., Mississagui Id., Bruce 
Mines, border of lake in interior St. Joseph Id., W. sides 
of Cockburn and Drummond Iads., McLeod’s Hbr., Hay 
Pt, 8. side St. Joseph Id. 
168. Nardosmia palmata, Hook.—Drummond and Cockbarn Iads. 
169. Aster macrophyllus, L.—Cape Smyth, interior 98. Joseph Id., W. side Cockburn Id: 
Sidgrave Cove, Vermont Hbr. 
170.. Aster cordifolius, L.—Hay Point, Sidgrave Cove. 
171. “ miser, L. Ait.—Hay Point and interior St. Joseph Id., Vermont Hor. 
173. “ simplex, Willd.—Bruce Mines, Vermont Hbr. 
113. “ tenutfolius, L.—Hay Point. 
174. ' puniceus, L.—Hay Point, Bruce Mines, Whiskey Id. 
175 “  ptarmacoides, Torr & Gr.—Cockburn Island. 
176. Erigeron Canadense, L.—Bruce Mines, Hilton, Sidgrave Cove, Gore Bay, Cockburn 
Id. 
177. ut Philadelphicum, L.—Bruce Mines, Owen Sound, Hilton, Cockburn Id. 
178. a“ annuum, Pers.—Owen Sound. 
179. ‘4 strigosum, Muhl.—With last. 
180. Solidago virgaurea, L.—McLeod's Hbr. 
181. ‘6 altissima, L.—Bruce Mines. 
182, Canadensis, L.—-Bruce Mines, Vermont Hbr., Hay Point. 
- 183. «gigantea, Ait.—Whiskey Id. 
184. ‘_ Zlanceolata, L.—Bruce Mines, Vermont Hbr., Hay Point. 
185. 6 Ohioensis, Riddell.—Cockburn Id., W. side. 
186. Inula Helenium, L.—Owen Sound. 
187. Rudbeckia hirta, L.—Richardson's, St Joseph Island. 
188. Coreopsis lanceolata, L.— Rocky shore, McLeod's Hbr. 
189, Bidens chrysanthemoides, Michx.—Gore Bay. 
190. “ Beckii, Torr.—Vermont Harbour. 
191, Maruta cotula, DO.—Bruce Mines. 
192, Achillea mille-folium, L.—William Id., Mississagui Id., Bruce Mines, W. side Cock- 
burn Id., Sidgrave Cove, Var. roseam, Cockburn Id. 
193. Artemisia Canadensis, Michx.—Cockburn, Mississagui, and Whiskey Ids. Bruce 
Mines. 
1%, Gnaphalium polycephalum, Michx.—Mississagui, Cockburn, and St. Joseph Isds., 
Brace Mines, Owen Sound. 
195. Senecio aureus, L.—Richardson’s, W. side Drummond Id., Var. oblongifolius, Cock- 
burn Id. 
196. Cirsium lanceolatum, Scop.—Hilton. 
197, 4 Pitcheri, Torr & Gr.—S.W. corner of Cockburn Id., near Little Cockburn 
Id. 


167. ce 
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Ciretum discolor, Spreng.—Owen Sound. 
 muticum, Michx.—Hilton, small island S.E. of St. Joseph, Gore Bay. 
‘¢ pumilum, Spreng.—Drummond and Cockburn Ids. 
CL 
shore at Hilton, as if recently introduced. 
Lappa major, Gærtn.—Owen Sound, Bruce Mines. | 
Hieracium Canadense, Michx.—Bruce Mines, W. side Cockburn Id. 
Nabalus albus, Hook.—Gore Bay. 
 racemosus, Hook.—Sandy Bay, Cockburn Id. 
Tarazacum dens-leonis, Desf.—Owen Sound, Bruce Mines. 
Lactuca elongata, Muhl.—Little Cockburn Id. 
Mulgedium leucophaum, DC.—Owen Sound, Bruce Mines. 


LOBELIACE &. 


Lobelia cardinalis, L.—Lobelia Lake, centre of Cockburn Id. ; McLeod’s Hbr. 
“« Kalmit, L.—Mississagui Id., S.E. corner of St. Joseph Id., Sidgrave’s Cove, 
McLeod's Hbr., and S.W. corner of Cockburn. 


CAMPANULACEZÆ. 


Campanula rotundifolia, L.—Common on all the islands. 


aryense, Scop.— Hilton. Vars. rubrum and album growing close to tbe 


“ aparinoides, Pursh.—Bruce Mines, border of lake in middle of St. J osepy| 
Id., Drummond Island, Gore Bay, Thompson's Point, 


McLeod’s Hbr. 
ERICACEA. 


Gaylussacia resinosa, Torr & Gr.—Three miles N.W. of McLeod’s Hbr. 
Vaccinium oxycoccus, L.—Cockburn Id. 
Chiogenes hispidula, Torr & Gr.—Drummond Id. 
Arctostaphylos uva-ursi, Spreng.— Whiskey Id., Mississagui Id., Cockburn Id., Mil- 
drum Bay, Grand Manitoulin Id. 
Epigea repens, L.—Drummond Id., W. side ; Thompson Point, McLeod’s Hbr. 
Gaultheria procumbens, L.—Hilton. 
Cassandra calyculata, Don.—Near the small lake in the interior of St. Joseph Id. 
Kalmia glauca, Ait.—Drummond Id., Var. rosmarinifolia, Thompson Point. 
Ledum latifolium, Ait.—W. end Drummond Id., McLeod's Hbr. 
Pyrola rotundifolia, L.—McLeod's Hbr. 
“ elliptica, Nutt.—Owen Sound, Hilton, Gore Bay. 
tt chlorantha, Swartz.—Small island S.E. St. Joseph Id., corner Cockburn Iè 
McLeod's Bbr., Gore Bay. 
“ secunda, L.—Owen Sound, Gore Bay, Hilton, Cockburn Id. 
Moneses uniflora, Gray.—Near S. side St. Joseph Id. 
Chimaphila umbellatu, Nutt.—Mississagui Id., Hilton, Sidgrave Cove. 
Pterospora Andromeda, Nutt.—N.W. point Drummond Id., on the wooded top of s 
high cliff four miles S. of Gore Bay, Vermont Harbar, 
three miles N. of McLeod's Hbr. This plant grows a 
great quantities in many places through the islands. 


Monotropa uniflora, L.—Hilton, Thompson Point, Gore Bay, Hay Pt.,S.W. point of 
Cockburn Id. 
“_-hypopitys, L.—Thompson Pt., Core Bay. 
AQUIFOLACE., 


Tlex verticillata, Gray.—Mississagui Id., beside the lake in centre St. Joseph Id.,5 
side of St. Joseph Id., Drummond Id. Thompson Pois; 
McLeod's Hbr. 
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PLANTAGINACES. 


. Plantago major, L.—Owen Sound, Gore Bay, Cockburn Id. In the interior of St- 


Joseph Id. I found several specimens of this plant with 
a small clasping leaflet half-way up the stalk of the 
spike, like that of a Parnassia. 


PRIMULACEÆ. 


. Primula farinosa, L.—Whiskey Id., Mississagui, Drummond and Cockburn Isds. 


Trientalis Americana, Pursh.—Hilton, S.W. point of Cockburn Id. 


. Lysimachia stricta, Ait.—Mississagui Id., border of lake, middle of St. Joseph Id. 
. Naumburgia thyrsiflora, Reichenb.—W . point Drummond Id. 


LENTIBULACEA. . 
. Utricularia vulgaris, L.—Vermont Hbr., Sandy Bay. 
“ intermedia, Hayne.—Growing on the maddy shore of a pond a mile 
W. of Huronia Pt., S. side of Cockburn Id. 
“e cornuta, Michx.—Mississagui Id., small island S.E. of St. Joseph Id., 


Cockburn Id. 


SCROPHULARIACEZÆ. 


. Verbascum Thapsus, L.—Owen Sound, Bruce Mines, Hilton. 
. Mimulus ringens, L.—Mississagui Id., Gore Bay, Owen Sound. 
. Veronica Virginica, L.—Gore Bay. 


“ Americana, Schwein.—Owen Sound, Hilton. 
6 scutellata, L.— Gore Bay. 
“ arvensis, L.—Richardson’s, S. side of St. Joseph Id. 


. Gerardia aspera, Dougi.—Bay S. of Huronia Point. 
. Castilleia coccinea, Spreng.—Common in many places in Drummond and Cockburn 


Isds., and conspicuous along the shore from its intensely 
bright scarlet flowers. 


. Melampyrum Americanum, Michx.—Drummond and Cockburn Isds. 


VERBENACES. ° 


. Verbena hastata, L.—Mississagui, St. Joseph and Cockburn Isds., Gore Bay. 


(1 wrticiÿfolia, L.—Between Owen Sound and Leith. 


. Phryma Leptostachya, L.—On the 8. side of the Pottawatamy River, Owen Sound. 


LABIAT AS. 


. Mentha Canadensis, L.—Mississagui Id., Bruce Mines, Hilton,Sidgrave Cove, Ver- 


mont Hkr., Little Cockburn Id. 


. Lycopus Europœus, L.—Vars. sindatus and integrifolius, Owen Sound, William, 


Drummond and Cockburn Isds. 
Calamintha glabella, Benth.—Var. Nuttallii, Gray. Common on the shores of Mis- 
sissagui, Cockburn and Drummond Isds. 
« clinopodium, Benth.—Owen Sound, William (or Whiskey) Id., Weque- 
makong Bay, E. end of Grand Manitéulin, W. end of 
Drummond Id. and Sidgrave Cove. ~ 


. Monarda fistulosa, L.— Owen Sound. 

. Nepeta Cataria, L.—Owen Sound, interior St. Joseph Id. 

. Prunella vulgaris, L.—Common in all the Manitoulin group of islands. 
. Scutellaria parvula, Michx.—Whiskey Id., Wequemakong Bay. 


460 GEOLOGICAL SURVEY OF CANADA. 


260. Scutellaria galericulata, L.—Whiskey Id., Mississagui Id., Brace Mines, border of 
lake in the interior of St. Joseph Id. 

261. “ laterifiora, L.—Cape Smyth, Bruce Mines, Mississagui and Cockbura 
Isds., Gore Bay. 

262. “ versicolor, Nutt ?.—Owen Sound, Hilton, 8.W. point Cockbarn Id. 

263. Galeopsis Tetrahit, L.—Bruce Mines, Hilton. 


BORRAGINAOES. 


264. Echinospermum Lappula, Lehm.—Owen Sound, Sidgrave Cove. 

265. Cynoglossum officinale, L.—Owen Sound, Bruce Mines, Hilton. 

266. u Morrisoni, DC.—Owen Sound, Cape Smyth, Whiskey Id., middle of St. 
Joseph Id., Sidgrave Cove. 


| 
| 


HYDROPHYLLACEÆ. 
267. Hydrophyllum Virginicum, L.—Owen Sound. 
268. 6“ Canadense, L.—Owen Sonnd. 
CONVOLVULACEZ. 
269. Calystegia sepium, R. Br.—McLeod's Harbour. 
SOLANACEZ. | 
270. Solanum nigrum, L.—Richardson’s, St. Joseph Id., Vermont Hbr., N.W. eorner Drun- 
mond [d. 
271. Physalis viscosa, L.—Gravelly bank S. W. corner Cockburn Id., Barnt Wood, Gort 
Bay. 
GENTIANACEZÆ. 


272. Halenia deflexa, Griseb.—Mississagui and Drummond [eds. 

273. Gentiana detonsa, Fries.—Drummond and Cockburn Isds. Not uncommon on tht 
shores. 

2174. 4 saponaria, L., var. linearis, Gray.—Bruce Mines. 

276. Menyanthes irifoliata, L.—Marsh of Mississagui Id., S.W. corner of Drummond 14. 
Thompson Point. 


APOCYNACEX. 


276. Apocynum androsæmifolium, L.—Owen Sound, Sidgrave Cove. 
277. “6 cannabinum, L.—Whiskey Id. 


ASOLEPIADACES, 


278. Asclepias Cornuti Decaisne.—Owen Sound. 
279. “ éncarnata, L.—Whiskey Ic., Thompson Point. 


OLEACEX. 


280. Frazinus Americana, L.—Owen Sound, W. side and interior of Oockburn Island, 
Thompson Pt., McLeod’s Hbr. 
281. 4 sambucifolia, Lam.—H. Notthier, Cockburn Id. 


ARISTOLOCHIACEZX. 
282. Asarum Canadense, L.—Owen Sound. | 
CHENOPODIACEZX. 


283. Chenopodium album, L.—Richardson’s, Vermont Hbr. 
284, Blitum capitatum, L.—Owen Sound, Little Current, interior of St. Joseph Id. 
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AMARANTACEÆ. 
285. Amaranthus paniculatus, A.—Brace Mines. 
POLYGONACES. 
186. Polygonum amphibium, L.—Gore Bay, Vermont Harbour, Hay Point. 
387. “6 Pennsyloanicum, L.—Sidgrave Cove. 
388. a persicaria, L.—Mississagui Id., Hilton, Gore Bay. 
289. ee hydropiper, L.—Mississagui, Cockburn Id. 
290. “ aviculare, L.—Owen Sound, Bruce Mines. 
391. « ramosissinum, Michx.—Drummond Id., Little Cockburn Id., Hay Point. 
292. ce sagitlatum, L.—Bruce Mines. 
293. Rumer obtusifolius, L —Owen Sound, Bruce Mines, St. Joseph Id. 
284. “ crispus, L.—Owen Sound, Bruce Mines, interior St. Joseph Id., Oockburn. 
395 “© ~~ hydrolapathum, (Hudson), var. dmericanum, Mississagui Id., Owen Sound, 
Bruce Mines, Vermont Harbour. 
‘6. “ acetosella, L.—Mississagui [d., Bruce Mines, Hilton. 
THYMELEACES. 
. Dirca palustris, L.—Interior Cockburn Id., small ad. off S.E. point St. Joseph. 


300. 


309. 


310. 
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ELŒAGNACEZÆ. 


. Shepherdia Canadensis, Nutt.—Owen Sound, and common throughout these Islands 


SANTALACEZÆ. 


. Comandra umbellata, Nutt.—Whiskey and Mississagui Isds., Sidgrave Cove, S.W. 


Pt. Cockburn. 


CALLITRICHACEÆ. 
Callitriche verna, L.—Gore Bay. 
URTICACEA. 


. Ulmus fulva, Michx.—Owen Sound, interior St. Joseph Id. 


‘Americana, L.—Sidgrave Cove, Gore Bay. 


. Urtica gracilis, Ait.—Owen Sound, Hilton, 


Laportea Canadensis, Gaudich.—Owen Sound. 
CORYLACEÆ. 


. Quercus rubra, L.—St. Joseph and Cockbarn Ida. ° 
. Fagus ferruginea, Ait.—Hilton village and throughout St. Joseph Id., interior Cock- 


burn Id., Gore Bay, Vermont Harbour. 
Corylus rostrata, Ait.—Hilton, Cockburn Island, 


. Ostrya Virginica, Willd.—Hilton, interior Cockburn Id. 


MYRICACEG. 


Myrica Gale, L.—Mississagui, Drummond, Cockburn and St. Joseph Islands, Bruce 
Mines. 


BETULACEÆ. 


Betula papyracea, Ait.—Mississagui Id., Sidgrave Cove, Thompson Pt., Gore Bay 
S.W. Pt. and interior of Cockburn Id. 
& excelsa, Ait.—Owen Sound, interior of St. Joseph and Cockburn Islds. 
‘6 Zenta, L.—Hilton, Gore Bay. | 
GG 
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318. 


314. 


315. 
316. 
317. 


318. 


319. 


820. 


321. 
322. 
323. 


324. 
325. 


826. 


$27. 
328. 


829. 
330. 


331. 
332. 
333. 


334. 
335. 
336. 


837. 
338. 
339. 
340. 
841. 
342. 
343. 
344. 
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Alnus incana, Willd.—Bruce Mines, Mississagui Id., Border of Lake St. Joseph Id, 
McLeod's Hbr, and S.W. Pt. Cockburn. 


SALICACEÆ. 


Saliz candida, Willd.— Common marshy grounds, St. Joseph, Cockburn and Drum- 
mond Isds. 
* cordata, Mubl.—Sand reaches, S, side Cockburn Id. 
‘© pedicellaris, Pursb.—Sand Bay. 
Populus tremuloides, Michx.—Gore Bay, Mississagui Id., Mildrum Bay, St. Joseph 
Id., Sidgrave Cove, Vermont Mbr. 
grandidentata, Michx.—Gore Bay, St. Joseph, Cockburn and Drammond 
Id. 
balsamifera, L.—Same localities as last. 


iti 


CONIFERÆ. 


Pinus resinosa, Ait.—Common throughout Cockburn Id., Sidgrave Cove, Drummond 
Id., Gore Bay. 
strobus, L.—Mississagui, St Josepb, Drummond, Cockburn Isds., Gore Bay. 
Abies balsamea, Marahall.—Mississagui Id., and on all the Manitoulin group. 
‘4 Cunadensis, Michx.—St. Joseph Id., some trees three feet in diameter, Cock- 
burn Id., Gore Bay. 
nigra, Poir.—Cockburn Id. 
«alba, Mich.—Interior St. Joseph Id., northern part Cockburn Id., Gore Bay, 
Whiakey Id. 
Lariz Americana, Michx.—Bruce Mines, S. end St. Joseph Id., Cockburn Id., McLeod 
Hbr., Vermont Hbr., Mildrum Bay. 
Thuja occidentalis, L.—Common from the Grand Manitoulin Id. to Bruce Mines. 
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Juniperus communis, L.—Drummond Id., S. W. point and McLeod's Hbr., Cock- 
burn Id. 
“ Virginiana, L. Var. humtlis,—W. sides Drummond and Cockburn Isds. 


Taaus baccata, L., Var. Canadensis, Gray.—Owen Sound, Mississagui Id., Hilton, 
Little Cockburn Id., Gore Bay, Vermont Hbr. 


ARACES. 


Arisema triphyllum, Torr. —Owen Sound, St. Joseph Id. 
Calla palustris, L.—Hilton. 


Acorus calumus, L.—Gore Bay, Vermont Harbor. 
® 


TYPHACEX. 
Typha latifolia, L —Mississagui Id., 8. end St. Joseph, Gore Bay. 


Sparganium ra:nosum, Hudsoa.—Head of Gore Bay. 
46 naluns, L., Var. affine, Fries.—Vermont Harbor. 
NAIADACEÆ. 
Potumogeton peclinatus, L.—Sandy Bay, N. side Cockburn Id. 
se Robbinsti, Oakes.—Same place as last. 
“ purillue, L.—With the above in a small sheltered nook of Sandy Bar. 
a pauciflorus, Pursh.—Gore Bay. 
és compressus, L.—Hay Point. 
“ perfoliatus, L.—Sandy Bay. 
a“ lucens, Var. fluitans, Rotb.—Gore Bay. 
ot heterophyllus, Schreber.—Sandy Bay. 





345. 
346. 
341. 


348. 


349. 
350. 


351. 
352. 
353. 


354. 
355. 


356. 
351. 
358, 
359. 
360. 
361. 
382. 


363. 
364. 


365. 
366. 
367. 


368. 
369. 
370. 


371. 


372, 
373. 
374. 
375. 


376, 
311. 
378. 
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ALISMACEZÆ. 


Triglochin maritimum, L.—Drammond Id., McLeod’s Hbr., Cockburn Id. 

Alisma Pluntago, L.—Owen Sound. 

Sagittaria variabilis, Engelman, Vars. gracilis, obtusa, etc.—Owen Sound, Gore Bay, 
Little Cockburn Id. 


és calycina, Eugelm.—Growing at the entrance of a small creek at Gore 
, Bay. 
HYDROCHARIDACESA. 
Anacharis Canadensts, Planchon.—Sandy Bay. 
Valisneria spiralis, L.—Gore Bay, Vermont Hbr. 
ORCHIDACES. 
Platanthera obtusata, Lindl.—St. Joseph and Drummond Isds. 
‘6 orbiculuta, Lindl.—Hilton, Drummond Id., Cockburn Id. 
“6 hyperborea, Lindi.—Lake interior St. Joseph Jd., S.W. side Drummond 
Id., Thompson Pt., McLeod Hbr. 
«e dilatata, Lindl.—Drummoond Id., W. side Thumpson Pt. 
“ psychodes, Gray.—Owen Sound, Drummond Id., Thompson Pt., McLeod 
Hbr. « 
Goodyera repens, R. Br.—Sidgrave Uove, Thompson Pt., Gore Bay. 


pubescens, R. Br.—Interivr St. Joseph Id., Thompson Point, Gore Bay. 
Spiranthes cernua, Richard.—Drummond Id., McLeod's Hor. 

Listera ronvallurioiles, Hook.—-Hilton, W. side Cockburn Id. 

Corallorhiszu multiflora, Nutt—Owen Souad, Cockburn Id. 

Cypripedium pubescens, Wilid.—Cockburn Id. 

«e spectabile, Swartz.—Thompson Pt. 


IRIDACEÆ. 


Iris versicolor, L.—Owen Sound, Mivsissagui Id., Bruce Mines, Cockburn Id. 
Sisyrinchium Bermudiana, L.—Bruce Mines, Ouckburn Id. 
SMILACEA, 
Trillium cernuum, L.—Jnterior St. Joseph Id., Gore Bay. 
és erectum, L.—St. Joseph Id. 
Medeola Virginica, L.—Owen Sound, Hilton. 


LILIACEA. 


Polygonatum biflorum, Ell.—Hilton. 
Smilacina racemosa, Desf.—Owen Sound, Hilton, Gore Bay, McLeod Hbr. 
ee stellata, Desf.—Mississagui [d., West side and Sidgrave Cove, Drummond 
Id., Cockburn Id. 
a trifolia, Desf.—Bruce Mines, Hilton, Thompson Pt., Gore Bay, McLeod 
Harbor. 
ee bifolia, Ker.—Missi-sagui Id., Cockburn Id. 
Clintonia borealis, Raf—Owen Sound, Mississagui and Cockburn Ids., Hilton, 
Allium tricoccum, Ait.—Owen Sound. 
Lilium Philadelphicum, L.—Weav side of Cockburn Id., McLeod’s Hbr. 


MELANTHACES. 


Streptopus amplezifolius, D. C.—Hilton. 
a roseus, Michx.—Owen Sound, Hilton. 
Zygadenue glaucus, Nutt.—Island Hbr., Drummond Id., Cockburn Id. 
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879. Tofieldia glutinosa, Willd—Fairview Harbor, Drummond Id., Thompson Pt, 
McLeod's Hbr. 
PONTEDERIACEÆ. 
880. Pontederia cordata, L.—Small 8. B. corner St. Joseph Isd., Vermont Harbor. 
ERIOCAULONACEZÆ. 


381. Erivcaulon septangulare, Withering.—Hay Point, 8. side St. Joseph Isd. Very 
abundant. 


CYPERACEZ. 


882. Scirpus acicularis, L.—Gore Bay. 

383. 4 caspitosus, L.—Thompson Pt. 

384. &  pungens, Vabl.—Hay Point. 

385. Eriophorum polystachyon, L.—Miasissagui Id, 





386. “ gracile, Koch.—Thompson Pt. 
388. Carex aurea, Nutt.— Whiskey Id. 
GRAMINES. 


888. Zizania aquatica, L.— Vermont Hbr. 
889. Panicum capillare, L.—McLeod Hbr. 





EQUISETACES. 
890. Hquisetum sylvaticum, L.—S. W. side St. Joseph’s Id, Gore Bay. 
391. se limosum, L.—Owen Sound, Gore Bay, Hay Pt. 


392. «6 hyemale, L.—Owen Sound, Gore Bay. 
893, of variegatum, Schleicher.—Drummond Id., Cockburn Id., Gore Bay. 
894, scirpoides, Michx.—Hilton, Gore Bay, Drummond Id. 


, FILICES. 
395. Polypodium vulgare, L.—Owen Sound, McLeod Hbr. 
896. ic Phegopteris, L.—Hilton. 
397. «e Dryopteris, L.—Owen Sound, Hilton. 


398. Struthiopteris Germanica, Willd.—Owen Sound, Hilton, Gore Bay. 

899. Allosorus gractlis, Presl.—McLeod Hbr. 

400. Pteris aguilina, L.—Common from Owen Sound to the Bruce Mines. 

401. Adiantum pedatum, L.—Owen Sound. 

402. Camptosorus rizophyllus, Link.—Owen Sound. 

403. Scolopendrium officinarum, Swartz.—Growing in rich soil among loose rocks, at the 
foot of a limestone escarpment, a short distance S.W. 
of Owen Sound. 

404. Asplenium Trichomanes, L.—Owen Sound, McLeod Hbr. 

405. se viride, Hudson.—Owen Sound. Growing among the moss on the sides 
of cool moist clefts or gorges in the limestone escarp- 
ment mentioned above. 


406. “ thelypteriodes, Michx.—Interior St. Joseph Id. 
407. de Filiz-femina, R. Br.—Whiskey Id., St. Joseph Id:, Sandy Bay, Gore 
Bay. 


408. Cystopteris bulbifera, Bernh.—Common from Owen Sound to St. Joseph Id. 
409. “fragilis, Bernt.—Owen Sound, Gore Bay, McLeod Hbr. 

410. Aspidium Noveboracense, L. Willd.—Gore Bay. 

411, & spinulosum, Swartz.—Owen Sound, Hilton. 
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412. Aspidium cristatum, Swartz.—Owen Sound. 

413,“ marginale, Swartz.—Owen Sound. 

414, acrostichoides, Swartz.—Owen Sound. 

415. a Lonchitis, Spreng.—With Scolopendrium officinarum.—Owen Sound. 

416. Onoclea sensibilis, L.—Owen Sound, Gore Bay, Hilton. 

417. Osmunda regalis, L.—Border of Lake St. Joseph Id, Gore Bay, Thompson Pt., 
McLeod Hbr. 


418, ft Claytoniuna, L., (O. interrupta Michx).—Hilton, St. Joseph’s Id. 
419. “6 cinnamomea, L.—Owen Sound. 
420. Botrychium lunarioides, Swartz.—Owen Sound. 
421. a“ Virginicum, Swartz.—Mississagui Id., St. Joseph and Cockburn Isds., 
- Gore Bay. , 
422. 6 simplex, Gray.—Small Isd. E. end St. Joseph. 
LYCOPODIACE. 
423. Lycopodium lucilulum, Michx.—Richardson’s, S. side St. Joseph Isd, 
: 424. “ annotinum, L.—Same locality as last. 
425. 6 dendroideum, Michx.—Same place. 
. 426. “ clavatum, L.—With the last and on Cockburn Id. 


427. Selaginella selaginoides, Gray.—Fairview Cove, Drummond Isd. 
428. + apus, Spreng.— Whiskey Isd., emall Iad. E. end St. Joseph, Drummond 
| and Cockburn Isds. 


MUSCI. 


, 429. Climacium Americanum, Bird.—St. Joseph Isd. 

430. Hypnum splendens, Hedw.— Drummond Isd. 

431. tt triquetrum, L.—Is'and Hbr., Drummond Isd. 
433. Leucobryum glaucum, Hampe.— Drummond Isd. 


JUNGERMANNIACEÆ. 
433. Marchantia polymorpha, L.—Owen Sound. 


LICHENES. 


434 Cladonta rangiferina, 
435. Cetruria Islandica, | 
I 
136, Usnea barbata, , sland Harbor, Drummond Isd. 
437. “© jubata, J 


CHARACEÆ. 
438, Chara vulgaris, L.—Gore Bay. 


In the above list the initial letters and contractions after the names of the different 
plants, indicate the authors of the species. L. = Linnæus, DC. = DeCandolle, Poir. = Poiret, 
Salisb. = Salisbury, Ait. = Aiton, Raf. = Rafinesque, Willd.= Willdenow, R. Br.= Robert 
3rown, Scop.=Scopoli, Nutt.= Nuttall, Torr.=Torrey, Gr.= Gray, Michx.= Michaux, 
Muhl.=Mublenberg, L'Her. = L’Heritier. Lamb. = Lambert, Walt. = Walter, Gmel. 
Gmelin, Eheh.=Ebrhart, Lindl.=Lindley, Ell. = Elliott, Gronov. = Gronovius, Mill. 
Miller, Hook. = Hooker, Pers. = Persoon, Spreng. = Sprengel, Benth. = Bentham, Griseb. = 


Grisebach, Desf.= Desfontaines, Wabl.= Wahlenberg, Bern. = Bernhardi, Hedw.= Hedwig, 
etc. 


Montreal General Hospital, 
August, 1867. 
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COMMON AMERICAN NAMES OF THE PRECEDING PLANTS. 


. Virgin’s bower. 

. Many-cleft anemone. 

. Tall anemone. 

. Penneylvanian anemone. 
. Round-lobed hepatica, 

. Sharp-lobed “ 
Meadow rue. 

. White water-crowfoot. 

. Spear wort. 

. Cursed crowfoot. 

. Hooked “ 

. Bristly se 

18. Creeping ‘ 

14. Buttercups. 

15. Marsh marigold. 

16. Three-leaved goldthread. 
17. Wild columbine. 

18. Red bane-berry. 

19. Sweet-sconted water-lily. 
. Yellow pond-lily 

. Pitcher plant. 

. Blood-root. 

. Climbing fumitory. 

. Golden corydalis. 

Pale corydalis. 
Water-cress. 
Marsh-crees. 

Toothwort, pepper-root. 
Cuckoo-flower. 

Common bitter-cress. 
Rock-cress. 

Long-podded tower mustard.. 
Straight tower mustard, 
Winter-cress, yellow-rocket. 
Hedge mustard. 

Tansy mustard, 

Wild pepper- grass. 
Shepherd’s-purse. 
American sea-rocket. 
Sweet white violet. 
Selkirk’s violet. 

Common blue violet. 
Long-spurred violet. 
American dog-violet. 
Canada violet. 

Downy yellow violet. 
Round-leaved sundew. 
Narrow-leaved sundew. 
Common grass of Parnassus. 
Larger grass of Parnassus. 
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Kalm’s st. John’s-wort. 
Marsh St. John’s-wort. 
Sleepy catch. fly. 
Night-flowering catch-fly.. 
Corn-cockle, 

Sandwort. 
Thyme-leaved sandwort. 
Stitch wort. 

Northern chickweed. 


e 
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Small flowered St. John's-wort. 


63. Basswood, linden. 

64. Wood-sorrel. 

6. Sheep-sorrel. 

66 Herb Robert. 

67. Spotted touch-me-not. 

68. Staghorn sumach. 

69. Poison ivy, poi-on oak. 

70. Fragrant sumach. 

71. Buckthorn. 

72. Oval leaved New Jersey tea. 

78. Wax-work, climbing bitter-sweet. 
74. Striped maple. 

75. Mountain maple. 

16. Sugar maple. 

77. Red or swamp maple. 

78. Seneca snake-root. 

79. Rosy milk-wort. 

80. Flowering wintergreen. 

81. Red clover. 
82. White clover. 
88. Milk vetch. 

84. Cooper’s vetch. 
85. Beach pea. 
Marsh vetchling. 
Myrtle-leaved vetchling. 
Hog pea-nut. 

Wild yellow plum, red plum. 
Sand cherry. 

Wild red cherry. 

Choke cherry. — 

Nine bark. 

. Common meadow-sweet. 
Common agrimony. 

Avens. 

Straight yellow avens. 
Water or purple avens. 

. Barren strawberry. 

100. Cinquefoil. 

101. Silver-weed. 

102. Shrabby cinquefoil. 

108. Marsh five-fingers. 

104. Strawberry. 

106. Long stalked strawberry. 
106. Dalibarda. 

107. Purple flowering raspberry. 
106. Dwarf raspberry. 

109. Wild red raspberry. 

110. Black raspberry, thimbleberry. 
111. Common or high biackberry. 
112. Swamp rose. 

118. Dwarf wild rose. 

114. Early wild rose. 

115 Wild rose. 

116. Cockepur thorn. 

117. Choke-berry. 

118. American mountain ash. 
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119. June berry, shad-bush, service-berry . 


120. Great willow-herb. 

121. Common small willow-herb. 
122. Common evening primroes. 
128. Small evening primrose, 
12%. Water puralane, 
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15. Nightshade. 

Milfoil. 

. Mares-tail. 

. Wild gooseberry. 

Smooth wild gooseberry. 
Swamp gooseberry. 

Field currant. 

Wild black currant. 

. Red currant. 

Mitre-wort, bishop’s cap. 

. Little round-leaved ground ivy. 
False mitre-wort. 

187. Marsh peuny-wort. 

138. Sanicle, black snake-root. 

189. Cow parsnip. 

140. Common parsnip. 

141. Spotted cowbane, musquash-root. 


_ 142. Smoother sweet cicely. 


148. Hairy sweet cicely. 
144. Spikenard. 
145. Bri-tly sarsaparilla, wild elder. 


_ 146. Wild sarsaparilla. 


147. Dwarf cornel, buoch-berry. 


. 148. Round-leaved cornel. 


149. Silky cornel, kennikennik. 
130. Red-osier dog wuod. 

151. Alternate leaved-cornel. 
182. Twinflower. 

158. Snowberry. 

154. Small huneysuckle. 

155. Hairy honeysuckle. 

158. Fly honeysuckle. 

157. Swamp fly-honeysuckle. 
158. Bush huneysuckle. 

159. Fever-wort. 

160. Common elder. 

161. Red-berried elder. 

162. Cranberry-tree. 

163. Sweet-ecented bedstraw. 
164 Partridge-berry. 

165. Wild teasel. 


: 166. Joe-pye weed, trumpet weed. 


167. Thoroughwort, bone-set. 
168. Sweet colte-foot. 

16. Large-leaved aster, 

110. Heart-leaved aster. 

151. Dwarf aster. 

12. Simple aster. 

18. 1hin-leaved aster. 

1/4. Showy marsh aster. 


- 115. Sneeze-wort aster. 
' 116. Horse-weed, butter-weed. 


117. Fleabane. 

118. Daisy fleibane, sweet scabious. 
179. Daisy fleabane. 

180. Golden-rod. 

181. “ 


186. Elecampane. 
187, Cone-flower. 


. 188. Coreopais. 
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189. Bur marigold. 


190. 
191. 
192. 
198. 


221. 
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Water marigold. 
Common may-weed. 
Yarrow milfoil. 
Canada wormwood. 


. Common everlasting. 

. Golden ragwort, squaw-weed. 
. Common thistle. 

. Pitcher’s woolly thistle. 

. Copse thistle. 

. Swamp thistle. 

. Pasture thistle. 

. Canada thistle. 


Burdock. 


. Canada hawk weed. 
. White lettuce. 


Hawk-weed, rattles-nake root. . 


. Dandelion. 
. Wild lettuoe. 
. False blue lettuce. 


Cardinal flower. 


. Kalm’s lobelia. 

. Harebell. ° 
. Marsh bellflower. 

. Black huckle-berry. 

. Small cranberry. 

. Creepivg snowberry. 

. Bearberry. 

. Trailing arbutus, ground laurel. 

. Aromatic wintergreen. 

. Leather-leaf. 


Swamp laurel. 
Labrador tea. 
Round-leaved pyrola. 
Shin-leaf. 

Small pyrola. 
One-sided pyrola. 
One-fiowered pyrola. 


. Prince's pine, pipsissewa. 


Pine-drops. 

Indian pine. 

Pine-sap, false beech drops. 
Black alder winterberry. 
Common plaintain. 

Bird’s eye primrose. 
Chick wintergreen. 
Loosestrife. 

Tufted loosestrife. 

Great bladder wort. 
Intermediate bladderwort. 
Horned bladderwort. 
Common mullein, 


. Monkey flower. 


Culver's-root, culver’s physic. 
American brooklime. 
Marsh speedwell. 


. Corn speedwell. 

. Rough gerardia. 

. Scarlet painted-cup. 

. Cow-wheat. 

. Blue vervain. 

. Nettle-leaved or white vervain. 
. Lopseed. 

. Wild mint. 

. Water horebound, 


232. 


Wild bergamot, 
Cat-mint, catnip. 
Heal-all, self-heal. 
Skullcap. 
Common skullcap. 
Mad-dog skullcap. 
Skullcap. 


. Hemp-nettle. 

. Stick-seed. 

. Hounds-tongue. 

. Beggar’s lice. 

. Waterleaf. 

. Canadian water-leaf. 
. Hedge bindweed. 

. Common nightshade. 
. Ground cherry. 

. Spurred gentian. 

. Smaller fringed gentian. 
. Soapwort gentian. 


Buckbean. 


. Spreading dogbane. 

. Indian hemp. 

. Milkweed. 

. Swamp milkweed. 

. White ash. 

. Black ash, water ash. 


Wild ginger. 


. Lamb's quarters, pigweed. 
. Strawberry blite. 


Prince's feather. 


. Water persicaria. 


Penn-ylvanian persicaria. 
Lady’s thumb. 
Smartweed. 

Knotgrass, goose-grass. 
Branching joint-weed. 
Arrow-lenved tear-thumb. 
Bitter dock. 

Curled dock 

Great water-dock. 

Field or horse-sorrel. 
Leatherwood, moosewood. 
Shepherdia. 

Bastard toadflax. 

Vernal water star-wort. 
Slippery or red elm. 
American or white elm. 


. Tall wild nettle. 
. Wood nettle. 


Red oak. 


. American beech. 
. Beaked hazlenut. 
Hop hornbean, lever-wood, iron-wood. 


Sweet gale. 


. Paper birch, canoe birch. 
. Yellow birch. 
. Cherry birch, sweet or black birch. 


Speckled or hoary alder. 


. Hoary willow. 
. Heart-leaved willow. 


Stalk-fruited willow. 


. American aspen. 
. Large-toothed aspen. 


co 
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Baleam poplar, tacamahac, balm-of-gilead 
poplar. 

Red pine. 

White pine. 

Balsam fir. 

Hemlock spruce. 

Black or double spruce. 

White or single spruce. 

Tamarack, American or black larch, hack- 
matack. 

Arbor vitæ, white cedar. 

Juuiper. 

Red cedar, savin. 

American yew, ground hamlock. 

Indian turnip. 

Water arum. 

Sweet flag, calamus. 

Cat-tail flag. 

Branching bur-reed. 

Floating bur-reed. 

Comb pondweed. 

Robbin’s pondweed. 

Slender pond weed. 

Few-flowered pondweed. 

Flat pond weed. 

Shield-leaf pond weed. 

Shining-leaved poud weed. 

Clayton’s pond weed. 

Arrowgrass. 

Water plantain. 

Variable arrow-head. 

Small northern arrow-head. 

W aterweed. 

Tape grass, eel grass. 

Dwarf orchis. 

Large round-leaved orchis. 


. Northern green orchis. 


Northern white orchis. 


. Small purple-fringed orchis. , 


Rattlesnake plantain. 


LL «6 


Ladies’ tresses. 


. Northern tway-blade. 

. Coral-root. 

. Large yellow lady's slipper. 

. Small yellow lady’s slipper. 

. Large blue flag. 

. Blue-eyed grass. 

. Nodding trilliam, wake robin. 
. Purple trillium, birth-root. 

. Indian cucumber-root. 

358. 
. False spikenard. 

. Star lily. 

. Three-leaved smilacina. 

. Two-leaved smilacina. 

. Northern clintonia. 

. Wild leek. 

. Wild orange lily. 

. Smooth green twisted stalk. 
. Ro:y flowered twisted stalk, 
. Zygadene. 

. False asphodel. 

. Pickerel-weed. 

. Pipewort. 


Smaller Solomon’s seal. 
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Butrush. 


Many-stemmed cotton-grass. 
G raceful cotton-grass. 
Cane, sedge. 

Tiadian rice, water-oats. 
Panic-grass. 

NV ood horsetail. 

$S wamp horsetail. 

S have-grass, scouring rush. 
Variegated scouring rush. 
Smal) wood rusli. 
Coimmon poly pu 

Marsh polypody. 

VV oodland polypody. 
Ostrich fern. 

Rtock brake. 

Common brake. 
Maiden-hair. 

Woalking-leaf fern. 

Elart’s tongue. 
Splceuwort. 


41.5. Green sploenwort. 
493. Silvery spleeuwort. 


+7. 
4008. 


+19. 


al. 


Spleenwort. 

Bladder fern. 

Variable bladder fern. 
Wood-tern, shield-feru. 
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411. Wood-fern, shield-fern. 


412. “6 
413. “ 
, 414. Wood-fern, \ ‘*‘ 
($15. “ 


, 416. Sensitive fern. 

| 417. Flowering fern. 

. 418. Interrupted flowering-fern. 
419. Cinnamon fern. 
420. Moonwort. 

, 421. Virginian moon-wort. 

| 422. Simple leaved moon-wort. 

: 423. Shining club moss. 

, 424. Club-moss. 
425. Ground pine. 

| 426. Common ciub-moss. 

| 427. Club-moss selaginella. 

| 428. Mossy “ 

429. Moss. 

, 430. *f 

1431. ‘‘ 

| 432. te 

433. Liver-wort. 

| 434. Reindeer moss. 

, 485. Iceland moss. 

| 435. Lichen. 

487. 

' 433. Common chara. 
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POSTSCRIPT 
SIR W. E. LOGAN, F.RS., 


ADDRESSED TO 


ALFRED R. C. SELWYN, Esa. 


DIRECTOR OF THE GEOLOGICAL SURVEY OF CANADA. 


MONTREAL, 1sé July, 1870. 


SIR,—Having been absent from Canada between the end of March and 
the latter part of June, I had not, until lately, an opportunity of perusing 
Mr. Robert Bell’s Report on the Nipigon country. Ilis explorations there 
were entered on by my instructions, and prosecuted while I was still 
director of the Geological Survey, and as I thus feel myself responsible 
for his work, I am desirous of making a few remarks regarding it. 

Mr. Bell’s Report was printed, and Mr. Bell had started on his present 
season’s investigations, before my return to Canada, an my remarks must 
therefore appear as a postscript to the General Report you are about to 
transmit in a printed form to the Government. 

The explorations of Mr. Bell and his party have greatly extended our 
knowledge of the country to the north of Lake Superior, both in a topo- 
graphical and a geological point of view, and important results are likely 
to follow. These gentlemen have displayed much perseverance in going 
over a large extent of ground, and determining its main features, the 
principal one of which, geograrhically, is the large lake which empties into 
Nipigon Bay. On being mapped to scale, however, the area of this lake 
does not appear to be by any means so great as was at first anticipated, 
nor does its magnitude seem to have been understated by previous ex- 
plorers. 

On a plan of the north shore of Lake: Superior, resulting from Mr. T. 
W. Herrick’s explorations, and published in the Report of the Crown Land 
Commissioner in 1863, the estimated dimensions of the lake are said to be 
between 100 and 200 miles in length, by about sixty miles in breadth. 
With the aid of this plan, but limiting the dimensions of the lake by geo- 


R. Bell’s report. 


T. W. Herrick's 
plan. 


Macfariane's 
section of Ala. 
mainse. 


Unconformable 
upper sand- 
stones. 
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promontory between Goulais and Bachchwahnung Bays. He represents 
the large island in the latter bay, and the coast to the north of it as com- 
posed of them, with a conformable conglomerate beneath, while on the 
mainland amygdaloidal trap rocks appear beyond them in several places, 
resting on Laurentian gneiss and dipping westward at considerable angles. 
But in the neighbourhood of Ance aux Crépes, on the south side of 
Mamainse promontory, older sandstones, in a disturbed condition, appear to 
be confusedly mixed up with the trap. 

Mr. Macfarlane carefully examined the rocks of Mamainse promontory 
for the Survey, in 1866, and in his Report to me, at pp. 132-137, will be 
found what he has said of them. He roughly measured by pacing the 
beautiful section, which I had previously estimated as at least 10,000 fect 
thick, and separating it into forty-nine described masses, he raises the 
whole volume to 16,208 feet, of which 2137 feet are conglomerates, the 
rest being various kinds of igneous rocks. After various descriptive 
details, regarding lithological peculiarities and the conflict of sedimentarv 
and eruptive masses, Mr. Macfarlane says :— 


‘From what has been stated above it would appear that there is, at several pointe, 
evidence of the existence of a sandstone of greater age than the bedded traps and con- 
glomerates, and it would appear not unreasonable to suppose that it belongs to the 
lower group of the Upper Copper-bearing series. You have however pointed out 
(Geology of Canada, p. 85) that there are extensive areas of almost horizontal sand- 
stones on the east shore, whose indicated dip, and freedom from intersecting trap dykes 
“seem to support the suspicion that they overlie unconformably those rocks which, 
associated with trap, constitute the Usper Copper-bearing series.” Jn confirmation of 
the opinion you bave expressed, I have to report that at a point to the south of Pointe | 
aux Mines, where the Mamainse series adjoins the Laurentian rocks, the lowest member 
of the former is unconformably overlaid by thin bedded bluisb and yellowish-grey sand- 
stones striking N. 50° FE. and dipping 18° rorth-westward. The lowest layer is a con- 
glomerate with granitic and trappean boulders, and a bluish fine grained and shaly 
matrix. It is about six feet thick, and is followed by thirty feet of thin bedded sand- 
stones, some parts of which might yield good flazstones. Some of the surfaces of these 
are very distinctly ripple-marked. Above these come thin, shaly, rapidly disintegrat- 
ing layers, in which are spheroidal concretions from five to ten inches in diameter. It 
is not possible to ascertain the total thickness of these sandstones, since they descend 
beneath the level of the lake. They are similar in lithological character to the sand- 
stones which occur on the north side of Pointe aux Mines.”* 


These upper unconformable sandstones, there appears to me no reason- 
able doubt, are Mr. Murray’s upper rocks from Mamainse to Gros Cap, and 
from Gros Cap to Nebish and Campment d’Ours ; and it will thus 
readily be inferred from what has been said, that the reason why the tilted | 
rocks of the Mamainse section, with a vertical thickness of over three — 
miles, so suddenly disappear 1 in their progress towards the Lower Silurian 
rocks to the south, is that they run under these unconformably. 


* For the relation of the Pointe aux Mines sandstones to 3,000 feet of trappean 
rocks there, see Geology of Canada p. 82. 
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In the northern peninsula of Michigan the Sault Ste. Marie sandstones 
appear to run along the south shore of Lake Superior, parallel with the 
fossiliferous limestones, for 150 miles, and gradually to turn to the south- 
westward from the neighbourhood of Marquette, as if following the rim of 
the Michigan trough to which they probably belong. Farther to the 
west, the rocks of Keewenaw promontory are représented as constituting an 
anticlinal form, having sandstones on each side, with traps and conglom- 
erates between. As will be seen from the following remarks by Professor 
Hall, a fossiliferous limestone equivalent to that of Campment d’Ours rests 
on the sandstone on the south side of the anticlinal. 


‘€ In 1846, Mr. C. C. Douglas discovered a fossiliferous magnesian limestone, resting pirdseve and 


upon sandstone, on the south side of Keewenaw Puint in a line between the head of the Black River 


. limestones on 
bay und the mouth of Misery River. in 1848 or 1849 Messrs. J. W. Foster and J. D. S. side of Keo- 


Whitney brought from this loculity several species of fossils, which were submitted to wenaw Point. 
the examination of the writer. The geologists of Michigan represent that the same sand. 
stone at Graud [sland is succeeded by a fussiliferous limestone, which is doubtless that 
wf tbe Keewenaw Point. The character of the fossils from the locality on Keewenaw Point 
i3 such us to leave no doubt that the limestone is equivalent tu the Buff limestone of Wis- 
consin, holding the identical fossils, and representing the Birdseye and Black River 


iimestones.*” 

From the sandstone itself on the south shore of Lake Superior the only Fossils in the 
fossils obtained arc a Lingula,f collected by Mr. Forest Shepherd in mndstone. 
‘Fequamenen Bay, which Hall compares with a Calciferous species, and 
a Pleurotomaria § obtained by Mr. Murray near Marquette, which Mr. 
Dillings compares with P. Laurentina of the Calciferous, but states to re- 
semble also P. aperta of the Birdseye and Black River formation. 

This concurrent testimony from different observers of the south shore of 
Lake Superior, you will perceive all points one way, and apparently shews 
a wide extent of the sequence indicated near the exit of the lake. What 
the structural evidence north of the lake may be, remains to be ascer- 
tained. Should the unconformable overlying trap support the supposod 
Upper Silurian rocks of the northern country, the north and south evi- 
dlence would agree. Should the trap rest on the Upper Silurian rocks, 
the inference would be, unless the evidence on the south can be explained 
uway, that there arc two trappean periods, one Lower Silurian or 
pre-Silurian, and the other post-Silurian. But it is not the duty of the 
Crcological Survey to predict what the age of the northern trappean rocks 
inay be, but to investigate the evidence carefully and state it impartially. 

I have the honor to be, Sir, ° 
Your most obedient servant, 
W. E. Loan. 
© Hall, Supplementary Notes on the Potadam ‘sandstone; XVI Report of the Regents 
cf the University of the State of New York, p. 215. 
{ Hall, same report, note p. 214. § Geo. Can. p. 86. 
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